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Forage Systems Using Sandhills 
Sub irrigated Meadows and Range: 









Sixfeeding and grazing systems uti-
lizing Sandhills range and subirrigated 
meadow forage were evaluated with 240 
crossbred cows over a 3-year period. 
Systems included different combinations 
of grazing native range, grazing sub-
irrigated meadow and feeding meadow 
hay during the year. Cows wintered on 
hay were heavier at the beginning of the 
breeding season and at weaning time 
than cows grazing winter range or 
meadow. Inputs of hay were reduced by 
grazing range or meadow during the 
winter and by meadow grazing during 
May without significant effects on repro-
duction. Weaning weights of calves were 
increased 15 pounds by grazing mead-
ows during May compared to feeding 
hay during May. 
Introduction 
Subirrigated meadows are commonly 
harvested for hay which is fed exten-
sively during winter and spring. Re-
duced hay feeding may improve profit-
ability of Sandhills ranches. One way to 
reduce hay feeding is to use the mead-
ows and upland range more extensively 
for grazing. Typically forages on mead-
ows can be grazed (in early May) about 
one month before upland forages. Spring 
calving cows are near peak lactation 
during May and high quality meadow 
forage may enhance the cows' nutrient 
status and increase the probability of 
early estrus and conception in the breed-
ing season. Data on feed inputs and 
animal performance of Sandhills beef 
herds from the extended grazing alterna-
tives have not been available to address 
ways of reducing hay inputs. 
A 3-year study began in 1988 to 
determine effects of extending dates 
normally used for grazing upland and 
subirrigated meadows. Our specific ob-
jective was to measure the effects on 
cow/calf production under alternative 
forage treatments during the winter and 
Table 1. Treatment description with corresponding management perioda 
Period I Period II Period III Period IV 
Nov 15 - Mar 1 Marl-Ma~1 Ma~ 1- Jun 1 June 1 - Nov 15 
Treatmentsb Gestation Calving Prebreeding Breeding 
(WR-SH) Range Hay Hay Range 
2 (WR-MM) Range Hay Meadow grazing Range 
3 (WH-SH) Hay Hay Hay Range 
4 (WH-MM) Hay Hay Meadow grazing Range 
5 (WM-SH) Meadow Hay Hay Range 
Regrowth 
6 (WM-MM) Meadow Hay Meadow Range 
Regrowth grazing 
"Each treatment had 40 cows at beginning of study; open cows were removed from the study at weaning 
each year. 
bWR = winter range, WH = Winter hay, WM = Winter meadow, SH = Spring hay, MM= May meadow. 
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bred cows, ages 3 to 7, were randomly 
assigned within age group during the fall 
of 1988 to six forage treatments (40 
cows/treatment; Table 1). Three winter-
ing systems were cross classified with 2 
prebreeding systems (3 X 2 = 6 treat-
ments). Yearlong management was com-
prised of four periods: 1) winter (gesta-
tion) Nov 15 - Mar 1; 2) calving Mar 1 -
May 1; 3) prebreeding May I-June 1;4) 
breeding and summer managementJ une 
I - Nov 15. Winter treatments (systems) 
were: A) 3.0 lb/cow of a 32% CP supple-
ment fed every other day to cows grazing 
native winter range; B) meadow hay (CP 
= 8 %) fed ad libitum daily to cows in dry 
lot; or, C) grazing subirrigated mead-
ows, with a 32% CP supplement fed at 
1.5 pounds/day/cow on an as-need basis 
(e.g. heavy snow cover or sub-zero tem-
peratures). During calving all cows were 
fed meadow hay (CP = 8%) ad libitum. 
Prebreeding treatments consisted of: A) 
meadow hay (CP = 8%) fed daily ad 
libitum during May; or, B) cows grazed 
subirrigated meadow during May. Dur-
ing the 60-day breeding season and until 
Nov. 15 all cows grazed upland range. 
Throughout the year all cows had free 
access to salt and mineral. 
Cow body weights and body condi-
tion scores were taken precalving (Mar. 
I), prebreeding (June 1) and at weaning 
(Oct. 15). Body condition scores were 
assigned using visual observations and a 
scoring system from one to nine with one 
(continued on next page) 
Table 2. Orthogonal contrasts for treatment comparisons 
Contrast Description Treatment" 
No May grazing vs May grazing 1+3+5 vs 2+4+6 
2 Winter Hay vs Winter Range + Winter Meadow 3+4 vs 1+2+5+6 
3 Winter Range vs Winter Meadow 1+2 vs 5+6 
4 Interaction: Did performance on May treatment depend on winter 
treatment (hay or grazing)? 1+4+5 vs 2+3+6 
5 Interaction: Did performance on May treatment depend on winter 
grazing treatment (meadow or range)? 1+6 vs 2+5 
'See Table I for description of treatments. 
being extremely thin and nine being 
extremely fat. Calf weights were taken 
at birth, June 1, and at weaning. Cows 
were pregnancy checked at weaning. All 
open cows were removed from the trial 
and no replacements were added. Cow 
and calf performance was evaluated by: 
cow and calf weights, cow body condi-
tion, pregnancy rate and birth date of 
calves. Treatments were replicated by 
year beginning in thefall of1988. Treat-
ments were compared by orthogonal 
contrasts as shown in Table 2. 
Results 
The results are based on three years of 
data (1989-91). Consumption of hay and 
supplement is given in Table 3. Hay 
consumption during a year varied from 
an averageof6,215lb/cow for cows fed 
hay during winter, after calving and 
during May to 1,995 lb/cow for cows 
that grazed winter range or meadow and 
grazed meadow during May. 
For all traits (i.e., weight, body con-
dition, pregnancy, etc.) for cows and 
calves, interactions between winter treat-
ments and prebreeding treatments (con-
trasts 4 and 5) were nonsignificant (p > 
.10); therefore performance during May 
was not influenced by winter treatments. 
Cow weights were similar beforecalv-
ing (Table 4). At prebreeding, cows fed 
meadow hay during the winter were 
heavier (p < .10) than cows on winter 
grazing treatments (1,147 vs 1,124 lb, 
contrast 2) and cows which grazed win-
ter meadows were heavier (p < .10) than 
cows that grazed winter range (1,132 vs 
1,114Ib, contrast 3). At weaning, cows 
fed hay during winter were heavier (p < 
.10) than those that grazed winter range 
or meadows (1,215 vs 1,203lb,contrast 
2). Cows were heavier (p < .10) at 
weaning if they grazed meadow in May 
than those fed hay in May (1,220 vs 
1,194Ib, contrast 1). 
Precalving body condition scores were 
similar (p > .10) for all treatment con-
Table 3. Feed inputs during gestation, calving, and prebreeding of cows on various forage treatments 
Gestation Calving 
Treatments' Nov 15 to March 1 March 1 to May 1 
WR-SH 155 lb/hd Supplement 1,995 lb/hd Hay 
WR-MM 155 lb/hd Supplement 1,995 lb/hd Hay 
WH-SH 3,180 lb/hd Hay 1,9951b/hd Hay 
WH-MM 3,180 lb/hd Hay 1,995 lb/hd Hay 
WM-SH 60 lb/hd Supplement 1,995 lb/hd Hay 
WM-MM 60 Ib/hd Supplement 1,995 lb/hd Hay 
'See Table 1 for description of treatments. 
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trasts. Cows generally lost body condi-
tion between calving and the beginning 
of the breeding season, and then gained 
body condition during the breeding sea-
son and summer grazing. Although some 
differences (p < .10) in body condition 
score occurred at prebreeding (June 1; 
contrasts 2 and 3) and at weaning (con-
trast 1), average body condition scores 
were near 5 for all treatments and gener-
ally varied by only .2 condition score. 
Cows thin at calving may breed late 
in a controlled breeding season or may 
not breed at all, especially if they lose 
body condition after calving. In this 
study, cows on all treatments maintained 
moderate body condition, resulting in a 
satisfactory pregnancy rate (average = 
94%). Pregnancy rate and calving date 
(an indicator of conception date) were 
similar (p > .10) for all contrasts. 
Cows fed hay during the winter had 
calves with heavier (p < .10) birth weights 
than cows that grazed range or meadow 
during the winter (94 vs 911bs, contrast 
2; Table 5). The extent to which winter 
nutrition of the cow influenced calfbirth 
weight is not clear, although some stud-
ies show differences in dietary protein 
can influence birth weight. On June 1, 
calves on cows that grazed meadow in 
May were heavier (p < .10) than calves 
on cows fed hay during May (211 vs201, 
contrast 1). Calves grazing May mead-
ows would have consumed a higher 
quality forage than those fed hay, which 
would increase calf gains. Cows that 
grazed meadow during the winter had 
calves with heavier weights on June 1 
Prebreeding 
May 1 to June 1 
1,040 lb/hd Hay 
1,040 lb/hd Hay 
1,040 lb/hd mHay 
(P < .10) than those that grazed winter 
range (209 vs 2011b, contrast 3). Cows 
that grazed meadow during May weaned 
calves heavier (p < .10) than cows fed 
hay during May (524 vs 509 lb, contrast 
1). Cows that grazed winter meadow 
weaned heavier calves than those that 
grazed native range (521 vs 509 lb; 
contrast 3). 
We concluded that inputs of hay were 
reduced by grazing range or meadow 
during winter and by grazing meadow 
during May without significantly affect-
ingreproduction. Weaning weights were 
increased by grazing meadows in May 
and feeding hay to cows during winter. 
1 James Lamb, research technician, and Don 
Adams, Associate Professor, Animal Science. 
Richard Clark, Associate Professor, and Sean 
Coady, research coordinator, Agricultural Eco-
nomics. Gene Deutscher, Professor, and David 
Colburn, research technician, Animal Science, 
West Central Research and Extension Center, 
North Platte. Mick Knott, ranch manager, 
Gudmundsen Sandhills Laboratory, Whitman. 
Table 4. Cow weights, condition scores, and pregnancy rate ofvarious forage treatments over three 
years 
Item WR-SH WR-MM 
Cow weight, Ib 
Precalving, March 1,250 1,237 
Prebreeding, June 1,114 1,119 
Weaning, October 1,191 1,211 
Cow body condition score 
Precalving 5.0 5.2 
Prebreeding 4.8 4.9 
Weaning 5.2 5.2 
Pregnancy Rate, % 93.6 93.8 
'See Table 1 for description of treatments. 
bSE = standard error. 
Treatments" 
WH-SH WH-MM WM-SH WM-MM 
1,263 1,260 1,226 1,224 
1,144 1,150 1,124 1,139 
1,202 1,227 1,189 1,222 
5.3 5.2 5.0 5.1 
4.9 5.0 4.7 5.0 
5.1 5.3 5.1 5.2 
94.4 97.2 89.3 96.3 








Table 5. Calf birth date and weights on various forage treatments over three years 
Treatments· 
Item WR-SH WR-MM WH-SH WH-MM WM-SH WM-MM 
Birth dated 89 89 
Birth weight, lb 90 91 
June weight, lb 196 207 
Weaning weight, Ib 502 515 
·See Table 1 for description of treatments. 
bSE = Standard error. 
90 89 89 
93 94 92 
203 214 204 
510 530 516 
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Two-hundred-forty cows were as-
signed to six treatments with three win-
ter forage strategies: Range grazing, 
Hay, and Meadow grazing (WR, WH, 
WM), and two spring forage strategies: 
Hay, May Meadow grazing (SH, MM) 
The forage strategies were evaluated 
with respect to variable input and output 
prices. Results show cows that received 
hay over the winter and grazed the mead-
ows over spring tended to perform better 
than cows on the other treatments in 
terms of calf weaning weight. Preg-
nancy rates were somewhat better for 
May meadow treatments also, but not at 
normally accepted levels of statistical 
significance. 
When opportunity costs were included 
in the analysis, the most profitable for-
age management strategy involved graz-
ing meadows over both the winter and 
between calving and breeding. The sec-
ond-best strategy was grazing native 
range in the winter and grazing mead-
ows in the spring. 
Feeding hay over winter and grazing 
the meadows in the spring can be an 
attractive second-best alternative when 
protein supplement prices are high or 
hay is particularly inexpensive. The most 
obvious conclusion from this analysis is 
that grazing the meadows in the spring 
(May 1 - May 31) will enhance the 
profitability of the cow/calf enterprise. 
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Introduction 
An IntegratedResource Management 
(IRM) project in Nebraska found that the 
primary difference in total costs for high 
and low cost cow-calf operators was the 
cost of harvested forages and weaning 
percentage. Data from the IRM project 
showed that harvested forage costs 
ranged from 18 to 24 percent of the total 
cost per weaned calf. Reduced feeding 
of harvested forages while maintaining 
or enhancing cow performance could 
substantially increase the profitability of 
cow Icalf producers. Greater reliance on 
the cow for forage harvesting rather than 
machines is one method for reducing 
wintering costs of the cow herd. A fur-
ther savings in feed costs might also be 
realized by grazing meadows in early 
(Continued on next page) 
Table 1. Calf weaning weight and cow pregnancy rate by treatment 
Trait" WR-SH WR-MM 
(1) (2) 
Pregnancy, % 94 94 












"Pooled across years. 
~, winter grazing of native range; WH winter meadow hay; WM, winter grazing of meadow; SH, spring 
meadow hay; MM, May grazing of meadow. 
May, a time when upland range is dor-
mant and hay is usually fed. 
This study sought to evaluate the 
effects on ranch profitability of follow-
ing the strategies discussed in "Forage 
Systems Using Sandhills Subirrigated 
Meadows and Range: Beef Production 
Traits," located in this Beef Cattle Re-
port. Improved profitability may not 
necessarily occur from either reduced 
input (e.g. harvested feeds) use or en-
hanced cow/calf performance alone. 
Proper evaluation of the profitability 
effects requires the simultaneous con-
sideration ofthe changes in input use and 
the associated changes in cow/calf per-
formance. The cited research permitted 
such consideration. 
Procedure 
input and output price combinations. 
Economic analysis was based on the 
assumption of a ranching operation with 
a resource endowment to support each 
forage management alternative. Future 
research plans call for relaxing this as-
sumption through applications of math-
ematical programming techniques. The 
current economic analysis was based on 
sensitivity of the forage management 
alternatives to input and output price 
variability, and was conducted using 
partial budgeting. Animal performance 
was incorporated into the economic prob-
lem primarily through calf production 
(Table 1). The analysis was also con-
ducted by adjusting for pregnancy rates 
since there appears to be a trend in 
pregnancy rates favoring the MM treat-
ment (Table 1). 
The three years of data for calf wean-
ing weights and pregnancy rate for cows 
were pooled across years. Cow death 
loss, calf death loss, and culls based on 
health or disposition were assumed to be 
random events since none of these losses 
could be attributed to the imposed treat-
ments. To maintain consistency, aggre-
gate supplemental hay and feed, as well 
aslabordemands, were also pooled across 
years. 
Partial budgeting techniques were 
used to formulate a net return function 
for each treatment An average of indi-
vidual calf weaning weights was used to 
construct gross returns for each treat-
ment based on the sex and weight of the 
calves. Costs for the following inputs 
were included in the analysis: meadow 
hay; protein supplement; winter range, 
winter meadow , andspring meadow graz-
ing; and machinery and labor for feeding 
hay and protein supplement during win-
ter and spring. 
Hay was charged at market value to 
encompass opportunity cost, and protein 
supplement was charged at its cash cost 
A land charge was imposed on cows 
grazing winter range or winter meadows 
at half the preceding summer range rental 
rate on an Animal Unit Month (AUM) 
basis. A land charge was imposed on 
grazing cattle since cows being fed hay 
are implicitly charged for land through 
the hay. The land charge for grazing 
winter meadows was adjusted upwards 
(based on protein differences), since 
meadows provide more of the animal's 
proteinrequirement than rangeland. Sen-
sitivity of the forage treatments to differ-
ent winter pasture rental rates (25% of 
the preceding summer rate, and 75% the 
preceding summer rate) was conducted. 
The machinery complement for feeding 
hay included a 100 Hp tractor pulling a 
stack mover/feeder. The stack mover is 
capable of feeding a seven-ton stack 
and, with a feeding rate of 35 pounds of 
hay/cow/day, can feed a herd of 400 
animals with a single pass; therefore. a 
400-cow herd size was used for all treat-
ments. Costs for feeding the protein 
supplement were based on the use of a 
The number and type of cows in-
volved in the study, the treatments im-
posed on the cows, and the data collec-
tion procedures can be found in the 
previously cited article located in this 
Beef Cattle Report. For the purposes of 
this paper, forage management treat-
ments will be discussed using the fol-
lowing format: WR-SH, winter grazing 
on nati ve range plus protein supplement, 
daily full feed of meadow hay in May; 
WR-MM, winter grazing on native range 
plus protein supplement, grazing 
subirrigated meadows in May; WH-SH, 
daily full feed of meadow hay over 
winter and in May; WH-MM, daily full 
feed of meadow hay over winter, grazing 
subirrigated meadows in May; WM-SH, 
grazing subirrigated meadows over win-
ter, daily full feed of meadow hay in 
May; and WM-MM,grazing subirrigated 
meadows over winter and in May. 
Table 2. Partial budgeting returns and costs per calf weaned by treatment 
The economic problem concerned 
evaluating the management alternatives 
for the best forage strategy under many 
Treatment 
Description " WR-SH WR-MM WH-SH WH-MM WM-SH WM-MM 
Return per calf, $ 324-490 327-497 326-495 338-512 330-500 334-508 
8% meadow hay, $ 11.9-26.2 0.0 57.4-125.9 45.5-99.7 11.9-26.2 0.0 
32% supplement, $ 15.3-20.8 15.3-20.8 0.0 0.0 6.0-8.1 6.0-8.1 
Land charge, $ 18.1-29.4 25.2-40.9 0.0 7.1-11.5 27.4-42.1 34.5-53.6 
Feed machinery, $ 1.04 .35 1.28 .59 1.04 .35 
Labor, $ 1.01 .54 1.67 1.20 1.01 .54 
Return to other factors 
of production per 
calf weaned, $ 246-443 264-456 197-435 225-458 252-453 271-467 
"Ranges reflect the low to high values for the output and cost items that were allowed to vary in price. 
Subtracting the sum of the high cost ranges from the lowest return per calf will result in the lowest returnS 
to other factors and vice versa. 
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feed truck. Costs in the spring were 
handled similarly, except cow/calf pairs 
grazing the meadows in the spring were 
charged for land at a rate equal to the 
summer rental rate on an AUM basis. 
Partial budgeting costs and returns for 
each treatment, along with the relevant 
cost ranges, are illustrated in Table 2. 
Sensitivity of the treatments to input 
and output price variability was exam-
ined by using a time series of feeder calf, 
hay, and supplement prices, and pasture 
rental rates over the period of 1981-
1990. The annual input prices repre-
sented ten separate price conditions and 
each price condition was assumed to be 
equally likely. The ten input price con-
ditions were matched with each output 
price to create a series of 100 price 
scenarios, with equal outcome probabili-
ties. The 100 price scenarios were then 
coupled with the calf weaning weight 
data. 
Although pregnancy rates were not 
statisticall y different at usually accepted 
probability levels (.05, .10), they were 
different for the MM treatments with 
P < .20. That was considered sufficient 
evidence for adjusting the calf weaning 
weight data by the number of cows 
exposed and re-running the economic 
analysis. 
Nutrient requirement tables (NRC, 
1984) show that cows fed hay containing 
8% protein and 55% Total Digestible 
Nutrients (TDN),require25 lb/head/day 
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Figure 1. Partial budgeting distribution of net teturns per calf weaned 
ing lactation (20 pounds milk/day), on 
an as fed basis. Over the study period, 
observed feeding rates for hay averaged 
30 lb/head/day over winter and 44 Ib/ 
head/day between calving and breeding, 
representing a feeding regime of 120% 
and 140% of estimates (NRC, 1984) for 
gestation and lactation, respectively. 
While some hay wastage is unavoidable, 
a hay feeding rate of 11 0% nutrient 
requirements during gestation and 115% 
during lactation is achievable and was 
used in the analysis. To have used the 
higher rates would have unnecessarily 
penalized the hay feeding treatments. 
Results 
Results are discussed based on wean-
ing weights for actual calves weaned. 
The cumulative set of partial budgeting 
returns is shown in Figure 1. These 
cumulative returns show the percent of 
the 100 price conditions which resulted 
in net returns at the associated given 
level or less. For example, 60% of the 
100 price combinations resulted in net 
returns of about $275 or less per weaned 
calfforWH-SH, while WM-MM has net 
returns of about $350 or less per weaned 
calf for over 60% of the price conditions. 
Cows on WH-SH exhibited the low-
est returns for all price scenarios while 
cows on WM-MM exhibited the highest 
returns. The remaining treatments ranked 
from highest to lowest net returns fol-
low: WM-SH, WR-SH, and WH-MM. 
Even though WH-MM cows had higher 
weaning weight calves, the performance 
gain was not enough to overcome the 
high costs of winter hay. Adjusting wean-
ing weights for the number of cows 
exposed did change results somewhat. 
Treatment WM-MM still provided 
the highest net returns, while the WH-
SH continued to exhibit the lowest. For 
the remaining treatments, ~e picture 
became muddled. WR-MM dominated 
WR-SH, WH-MM, and WM-SH at the 
lower end of the net returns scale. How-
ever, WH-MM was competitive with 
WR-MM at the mid and upper return 
levels. 
Price Condition 
Sensitivity of the treatments to vari-
able input and output prices is also shown 
in Figure 2. This information simplifies 
the range of potential prices to the ob-
served input and calf prices in each year. 
Figure 2. Partial budgeting annual net returns per calf weaned (Continued on next page) 
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The ratio of supplement price to hay 
price in each year is shown at the bottom 
of each figure. Although pasture rates 
vary, they tend to move with hay price, 
so most variation in costs can be linked 
to the supplement/hay price ratio. As the 
supplement/hay price ratio increases, 
supplement is becoming more expen-
sive relative to hay. As the ratio ap-
proaches 6, the WH-MM treatment be-
comes more attractive, occasionally 
surpassing the WR-SH treatment in prof-
itability. Sensitivity analysis of winter 
pasture rental rates had no impact on the 
overall results. 
The primary conclusion was that us-
ing meadows for grazing in May en-
hances profitability by reducing input 
use and by enhancing production. The 
effect of May grazing on the hay produc-
tion and other features of the meadows 
was not evaluated. However, the oppor-
tunity cost allowed for May meadow 
grazing should cover at least part of the 
value of potential reduced hay produc-
tion. 
ISean Coady, research coordinator, and 
Richard Clark, Associate Professor, Agricultural 
Economics. Don Adams, Associate Professor, and 
James Lamb, research technician, Animal Science, 
West Central Research and Extension Center, 
North Platte. Mick Knott, manager, Gudmundsen 
Sandhills Laboratory, Whitman. 
High Quality Meadow Hay as a Winter 
Supplement for Gestating Beef Cows in the 





Jim Lamb l 
Summary 
High quality meadow hay was evalu-
ated as a winter protein supplement for 
gestating beefcows grazing winter range. 
High-quality hay was produced by using 
two cuttings per year and appropriate 
fertilization of meadows. Ninety-six 
crossbred gestating beefcows were used 
in 1990and1991 andsupplementedwith 
either: control (no supplement); hay (4.8 
lb of meadow hay/cow/day); supplement 
(2 .61b soybean meal (SBM) supplement/ 
cow/day) and supplement plus hay (2.6 
lb SBM supplement/cow/day on alter-
nating days with 4.8 lb meadow hay). 
Supplement treatments provided .7 lb 
CP /day. All supplemented groups gained 
weight while the control cows lostweight. 
Cows receiving hay performed similarly 
to those receiving supplement or the 
hay/SBM combination indicating that 
high quality meadow hay was used as 
efficiently as a SBM supplement. 
Introduction 
Beef cattle producers in the Nebraska 
Sandhills are interested in practices that 
allow them to reduce feeding costs. Body 
condition and winter supplementation 
are important to maintain high reproduc-
tive efficiency, since cows in good body 
condition are often able to maintain 
body condition during the winter. Tradi-
tionally winter supplementation in the 
Nebraska Sandhills has been based on 
protein supplements. It has been shown 
that high quality hay can be produced 
from subirrigated meadows. 
It is generally accepted that stage of 
maturity is the primary factor influenc-
ing forage quality. As plants advance in 
maturity, forage quality declines. Con-
versely, forage yields increase as growth 
stages advance. Time of harvest is a 
management tool that can be used to 
manipulate both forage quality and yield. 
The objective of this study was to 
evaluate hay produced in subirrigated 
meadows as a winter protein supplement 
for gestating beef cows grazing native 
range and its effects on body condition 
score and body weight change. 
Procedure 
Cow Trials 
The studies were conducted at the 
Gudmunsen Sandhills Laboratory, near 
Whitman, Nebraska. The dominant grass 
- 8 -
species are blue gramma, little bluestem, 
prairie sandreed, sand bluestem, switch-
grass,northernreedgrass,sandlovegrass 
and indiangrass. Ninety-six crossbred 
gestating beef cows were used in a win-
ter supplementation study from Novem-
ber 5 to February 27 in 1990 and 1991. 
The animals were divided into four treat-
ments (24 cows/treatment), each treat-
ment was subdivided in two groups and 
randomly assigned to graze on different 
pastures similar in dimension, and veg-
etation. In year one, 48 cows were four 
years old and 48 were five years old. The 
same cows were used the second year. 
The cows were supplemented with ei-
ther: control (Control, no supplement); 
hay (Hay, 4.8 Ib of meadow hay/cowl 
day); soybean meal (SBM) supplement 
(SBM, 2.61b/cow /day supplement); and 
supplement plus hay (SBM Hay, 2.6 Ib 
SBM supplement/cow/day on alternat-
ing days with 4.8 Ib meadow hay). All 
supplements provided. 71b CP /day. The 
hay was harvested in square bales, 
weighed, and hand fed in bunks as was 
the pelleted supplement. Initial body 
weight was recorded on November 7 
each year, and then every 28 day until 
February 28. 
Range diet samples, were obtained 
from four esophageally -fistulated cows. 
Diet samples were collected during De-
cember, 1990 and February, 1991; and 
Table 1. Crude protein, NDF and ADF of native range diets and protein supplements, and meadow hay in vivo digestibility 
Native range Meadow hay SBM supplement 
Item Period 1 Period 2 Period 3 Period 4" 1990 1991 1990 1991 
Crude protein, % 4.32b 6.43
c 4.99b 4.85b 16.0 15.5 40.0 39.8 
NDF,% 76.3cd 74.1c 78.9bc 81.2b 73.5 69.1 
ADF,% 53.8c 54f 51.1b 51.4b 37.5 35.8 
Digestibility, % 61.8 59.8 
"Period 1 = December, 1990; Period 2 = February, 1991; Period 3 = December, 1991, and Period 4 = January, 1992. 
b,c Means within a row with different superscripts are different (p<.05). 
December, 1991 and January, 1992. Dry 
matter, CP, NDF, and ADF were deter-
mined in the laboratory. Dry matter di-
gestibility was determined for the high 
quality meadow hay supplement har-
vested each year, using four ruminally-
fistulated steers. 
Cow body weights and body condi-
tion scores were analyzed by using a 
model that included treatment, year, treat-
ment x year, pasture (treatment x year) 
and animal (pasture x yearx treatment). 
Orthogonal contrasts were used to parti-
tion treatment sums of squares. Con-
trasts were control versus supplemented 
groups; average of SBM group and Hay 
group versus SBM + Hay group; and 
SBM group versus Hay group. 
Hay Trials 
A four-year study began in 1987 to 
quantify the effect of harvest date on 
forage yield and quality when applied in 
conjunction with different fertilizer treat-
ments. Four replications of plots (8' x 
16') were established as split-plot treat-
ments within a randomized complete 
block field plot design. Main plot treat-
ments were harvest dates, and subplots 
were fertilizer treatments. The six har-
vest dates were the first and fifteenth of 
June, July and August. Fertilizer treat-
ments were applied over all harvest dates 
and consisted of 80 lb nitrogen, 40 lb 
phosphate and 20 lb of sulfur per acre 
applied at three different times: (1) spring, 
before initiation of growth; (2) after each 
harvest date; and (3) a split application 
of one-half in the spring and one-half 
after each cutting date. An area (3.25' x 
16') of vegetation within each plot was 
harvested with a sickle-bar mower on 
the specified treatment date (first har-
vest) and again in late September (end-
of-season harvest). Further detail of this 
study can be found in the Gudmundsen 




Chemical composition of fistula for-
age samples, and protein supplements is 
presented in Table 1, as well as DM 
digestibility of the meadow hay. The hay 
was regrowth harvested during late Au-
gust, 1990; and 1991 following an initial 
harvest in June. Chemical composition 
of the fistula forage samples, showed 
some small differences (p<.05) in the 
CP, NDF and ADF content between 
sample dates and years. Protein was 
generally less than 5 percent showing 
the need for supplemental crude protein. 
There were no differences (p>.05) 
among treatments in initial body weight 
in either year of the study (Table 2). 
There were differences (p<.05) in final 
body weights among treatments. In both 
years, the control group weighed the 
least. The control cows lost44lb in 1991 
and 84lb in 1992. There were no differ-
ences (p>.05) between the average of 
the SBM and Hay groups and the SBM 
+ Hay group. However, the hay supple-
mentedcows were heavier than theSBM-
supplemented cows. 
Initial body condition scores were not 
different (P>.05) among treatments 
(Table 2). However, body condition score 
was different at the midpoint for treat-
ment, year, and treatment x year (p<.05). 
Body condition score in the first year 
favored the SBM group; and favored the 
Hay and SBM + Hay supplemented 
groups in the second year. 
At the end of the trials in both years, 
the differences in body condition were 
evident in the cows receiving no supple-
ment compared to those receiving win-
ter supplementation. There were differ-
ences for treatment, year, and treatment 
(Continued on next page) 




Initial body weight, lb 1115 1109 
Final body weight, lbbc 1091 1199 
Initial, BCS 5.9 5.7 
Middle, BCSd 5.5 5.7 
Final, BCSb 4.7 5.7 
·SBM = Supplement, and SBM + Hay = Supplement Plus Hay. 
bControl vs SBM and Hay and SBM+Hay (p<.05). 
cSBM vs Hay (p<.05). 









Hay Control Hay SBM Hay 
1107 1146 1173 1149 1157 
1226 1063 1243 1155 1221 
5.6 5.4 5.5 5.4 5.4 
5.6 4.7 5.7 5.5 5.5 
5.7 4.2 5.7 5.3 5.5 
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Table 3. Effect of cutting date on average DM yield and CP percent for first and end·of·season 
harvests. Means are averages over fertilizer treatments and four years 
First harvest End of season (Sept.) 
Cutting Yield CP Yield CP Total yield 
date (Ib/acre) (%) (Ib/acre) (%) (Ib/acre) 
June I 2653" 11.9" 3099" 9.10" 5211" 
June 15 3453b 9.6b 1921b 11.09b 5374"b 
July 1 4679c 8.0c 1669b 12.48c 6347c 
July 15 4868c 6.9d 1208c 13.84d 6076bc 
August 1 5725
d 6.4d 6lld 16.53c 6337c 
August 15 5603d 6.4d 167c 18.36f 5770"bc 
a,b,c,d,e,fMeans within columns with the different superscript are different (P<.05). 
x year (p<.05). The control group ended 
the second year with a lower body con-
dition than in the first year, even though 
the climatic conditions of the winter 
were considered to be mild. The final 
body condition scores for supplemental 
treatments and the final body weights in 
both years (Table 2) indicate the effec-
tiveness of the high quality meadow hay 
as a winter supplement for beef cows in 
the middle and last third of gestation. 
Hay Trials 
First harvest DM yield increased and 
CP content decreased as cutting dates 
progressed from June 1 to August 1 
(Table 3). End-of-season harvest showed 
a reversal of these trends in both yield 
and quality. Total yield for both harvests 
tended to equalize, regardless of first 
harvest date. Harvesting early allowed 
more time for growth for the end-of-
season harvest. Even though crude pro-
tein percent was maximized for end-of-
season harvest by initially cutting August 
1 or later, the yield was minimal and 
forage quality for first harvest was low. 
Cutting by July 1 for frrst harvest, fol-
lowed by end-of-season harvest, pro-
duced a high end-of-season and total 
yield with a protein content of 12.5 
percent and was the technique used to 
produce hay in this study. 
Fertilization increased dry matter 
yield over the control, regardless of time 
of fertilizer application (Table 4 ). Spring 
application maximized frrstharvest yield, 
but after-harvest application maximized 
end-of-season yield and protein content. 
It is obvious that there are opportuni-
ties to manipulate both hay yield and 
quality by changing time of cutting and 
fertilization. The optimum time for first 
harvest and date of fertilization will 
depend upon management objectives 
and the forage resources of a particular 
ranch. For example, if maximizing hay 
quality is more important than maximiz-
ing yield, then early cutting dates should 
be considered, followed by fertilization 
to increase end-of-season yield with a 
high protein content. 
lGuillermo Villalobos, graduate student, Terry 
Klopfenstein, Professor, Animal Science, Lincoln. 
Don Adams, Associate Professor, Jim Nichols, 
Professor, Jim Lamb, research technician, West 
Central Research and Extension Center, North 
Platte. 
Table 4. Effect offertil izer on average DM yield and CP percentfor first and end ·of·season harvests. 
Means are averages over six cutting dates and four years 
First harvest End of season (Sept.) 
Fertilization Yield CP Yield CP 
treatment (Ib/acre) (%) (Ib/acre) (%) 




SplitC 4788c 8.0b 1561b 13.7b 
After harvest 4115b 8.1b 2087c 15.0c 
a,b.c.dMeans within columns with different superscripts are different at (P<.05). 








Heifers Sired By 
Bulls With 
Either High Or 
Low EPD'S For 
Marbling Do 
Not Differ In 






Jim Kinder l 
Summary 
A two-year trial was conducted to 
determine age of puberty for two groups 
of crossbred heifers (n=124) sired by 
purebred Angus bulls selectedfor either 
low (n=6) or high (n=6) marbling Ex-
pected Progeny Differences (EPD's). 
Puberty was determined by collecting 
weekly blood samples and assaying for 
progesterone concentrations. Average 
age at puberty for he ifer s during the two-
year study was 370 days. Of the 124 
heifers, 79 percent reached puberty 
within the time allottedfor the study. No 
significant differenceswerefound in age 
at puberty between heifers sired by bulls 
with high and low EPD' sfor marbling. 
Therefore, we conclude that use of high 
marbling sires does not correlate with 
accelerated age at puberty in daughters. 
Introduction 
Increasing reproductive performance 
of beef cattle can improve production 
efficiency. The beef cattle industry is 
moving toward managing heifers to calve 
at two years of age. For this to occur, 
heifers must reach puberty and conceive 
before 15 months of age. Selection for 
growth traits can influence the age at 
which puberty is achieved in beef heif-
ers. Earlier maturing cattle increase fat 
deposition at lighter weights. Fat depo-
sition tends to begin slowly at light 
weights and increases geometrically 
when muscle growth slows as the animal 
approaches physiological maturity. 
The purpose of this study was to 
determine if heifers sired by Angus bulls 
with high EPD's for marbling (High) 
would reach pUberty at a younger age as 
compared to heifers sired by bulls with 
low EPD's for marbling (Low). The 
rationale being that the typical growth 
pattern as related to maturity, acceler-
ated deposition of intramuscular fat in 
the High group, would correlate with a 
younger age at puberty. 
Procedure 
In each of two years MARC II (1/4 
Hereford, 1/4 Angus, 1/4 Simmental, 
1/4 Gelbvieh) cows were bred randomly 
to two groups of Angus sires. Sire groups 
were selected based on EPD for mar-
bling. Six bulls with high EPD's for 
marbling and six bulls with low EPD's 
for marbling were selected using the 
1989 Angus sire summary. Both the 
1989 and current 1992 sire group EPD's 
are summarized in Table 1. Average 
difference for marbling EPD between 
the two groups was 0.82 marbling units 
in 1989; in 1992, this difference was 0.49 
marbling units for the same sire group. 
Cows and heifers at the Dalbey-
Halleck Farm, Virginia, NE were bred to 
one of the twelve bulls using artificial 
insemination. In 1990, calves were born 
between February 19 and April 24; in 
1991, cows calved between February 27 
and April 18. After weaning (October 
15,1990; October 14, 1991) heifer calves 
were fed a ration that consisted of 1.5 Ib 
of32 percent protein supplement, SIb of 
corn and prairie hay ad libitum with free 
choice vitamin and mineral supplement, 
to gain 1.1 to 1.4 Ib/day (Table 2). 
Table 1. Average EPD's for sire group. 
Sire Average 
Summary Sire Number of EPDfor 
Year Group Bulls Birth WI 
1989a High 6 +5.2 
Low 6 +6.1 
1992b High 6 +4.1 
Low 6 +5.2 
aTaken from the 1989 Angus Sire Summary. 
bTaken from the 1992 Angus Sire Summary. 
Table 2. Weaningwt., April wt., ADG, age at puberty, and percent pubertal in heifers sired by bulls 
with either high or low EPD's for marbling. 
Year 
Sire Number of Weaning Wei~t in ADG 

























aWeight was taken on October 15, 1990 and October 14, 1991. 
"weight was taken on April 25, 1991 and April 23, 1992. 
Puberty was determined via blood (Table 2). There were also no significant 
progesterone concentrations. Blood sam- differences between individual sires; 
pIes were collected once weekly via however, it is interesting to note that one 
jugular venipuncture beginning Decem- sire in the High group consistently sired 
ber 1 each year and continuing until the the highest percent of heifers not attain-
third week in April when heifers went on ing puberty by the end of the trial in both 
feedlot trial for ultimate slaughter and 1991 and 1992 (75% and 60%, respec-
collection of carcass information. Initia- tively). 
tion of estrous cycles was determined Heifers born in 1990 tended to be 
when concentrations of progesterone heavier at weaning than heifers born in 
were maintained above 1 ng/ml in two 1991 (Table 2). However, mean yearling 
consecutive samples. weights for both treatment groups did 
All data were analyzed by least not differ significantly in 1992 but were 
squares methods using a linear model an average of 45 Ib heavier than the 
which included fixed effects of group mean 1991 yearling weights. Previous 
(High compared to Low), year, yearling reports show that age at puberty is highly 
weight, individual sire and the interac- correlated with body weight; however, 
tions of year by group. this does not mean that heifers reach 
Results 
There were no differences in age at 
puberty between treatment groups. The 
mean age at puberty was 369 days for the 
high marbling heifers and 372 days for 
the low marbling heifers. Therefore, 
heifers bred for high marbling, acceler-
ated deposition of intramuscular fat, did 
not reach an earlier physiological matu-
rity, as measured by age at puberty, than 
heifers bred for low marbling. 
Although not significantly different, 
in 1991, 16 of the 60 heifers (6 High and 
10 Low) failed to reach puberty by the 
third week in April. In 1992, 10 of the 64 
heifers (6 High and 4 Low) had not 























puberty at the same weight. As feed level 
increases, weight at pUberty increases; 
therefore, it is hypothesized that higher 
feed levels accelerate body growth (as 
measured by weight) faster than physi-
ological maturity (as measured by age at 
puberty). In the present study there was 
no significant correlation between age at 
puberty and yearling weight although all 
heifers were fed the same ration and 
projected to gain 1.1 to 1.4 Ib per head 
daily. 
As the beef industry focuses increas-
ingly on carcass traits and the production 
of beef that will be marketable to con-
sumers, cattle producers must be aware 
of how these traits will affect cow herd 
productivity. In the present study, heif-
ers sired by high marbling bulls did not 
differ significantly in age of pUberty 
compared to heifers sired by low mar-
bling bulls. 
lEllen Bergfeld, graduate student, Animal 
Science, Lincoln. Rick Rasby and lim Gosey, 
Associate Professors, Animal Science, Lincoln. 
Mark Dragastin, manager, Dalbey-Halleck 
Research Farm, Virginia. Merlyn Nielsen and lim 
Kinder, Professors, Animal Science, Lincoln. 
Synovex C Affects Growth, Reproduction, and 








Two trials were conducted to investi-
gate effects of Synovex C implants on 
370 MARC II crossbred heifers. Heifer 
calves were allotted by weight and age 
into four treatments: 1) non-implanted; 
2) implanted at 2 months; 3) implanted 
at 6 months; 4) implanted at both 2 and 
6 months of age. Implants at 2 months 
increased heifer gain to weaning by 15 
lb with the weight advantage maintained 
through yearling. 
All implanted heifers had larger year-
ling pelvic areas compared to non-im-
planted. Only heifers receiving implants 
at 6 months had larger pelvic areas 
before calving. Early fertility rates tended 
to be slightly lower for implanted heif-
ers. Implants at both 2 and 6 months 
decreased calf birth weight and pro-
duced the greatest reduction in calving 
difficulty. 
Results indicate trade-offs exist. Im-
plants at 2 months increased weaning 
weight, but may slightly lower early 
fertility. Implants at6 months decreased 
calving diffiCUlty score, but tended to 
lower pregnancy rates. The combina-
tion of implants at 2 and 6 months de-
creased calfbirth weight and decreased 
calving difficulty, but may reduce fertil-
ity. Therefore, producers must weigh the 
advantages and disadvantages before 
deciding to use implants in replacement 
heifer calves. Economic analyses of the 
trade-offs will be available in the future. 
Introduction 
Proper development of replacement 
heifers is important in developing a fer-
tile cow herd. Heifers should reach pu-
berty early to permit conception early in 
the ftrst breeding season. Replacement 
heifers should have adequate skeletal 
development to minimize dystocia when 
calving as two-year-olds. Growth pro-
moting implants are used in suckling 
calves to increase gain and weaning 
weights. However, their effects on heifer 
reproduction are not well deftned. Infor-
mation is needed to help producers as-
sess the trade-offs that may exist when 
implanting heifer calves. 
This study evaluated the effects of 
Synovex C implants (Syntex Agribusi-
ness, Inc.2) in heifer calves at 2 and/or 6 
months of age on growth traits, pelvic 
area, puberty, pregnancy rate, and calv-
ing performance. 
Procedure 
Two trials were conducted to investi-
gate the effects of Synovex C implants 
on replacement heifer calves. Trial 1 
began May 1988 with 180 MARC II 
heifers (1/4 Angus x 1/4 Hereford x 1/4 
Simmental x 1/4 Gelbvieh) and trial 2 
began May 1990 with 190 MARC II 
heifers. The calves were born in the 
spring and grazed with their dams during 
the summer on native pasture at the 
Gudmundsen Sandhills Laboratory, 
Whitman, NE. Heifer calves were ran-
domly allotted by birth date and birth 
weight into one of four treatment groups: 
1) non-implanted controls; 2) implanted 
at2months; 3) implanted at 6 months; 4) 
implanted at both 2 and 6 months. Heif-
ers were weighed when implanted at 
branding (2 months) and weaning (6 
months). 
After weaning, the heifers were trans-
ported to the West Central Research and 
Extension Center, North Platte and placed 
in drylots. Heifers were fed alfalfa hay, 
com silage, and com and gained 1.3 and 
1.1lb per day up to the breeding season 
for trials 1 and 2, respectively. 
Growth traits for both trials were 
measured when the heifers were 6, 12, 
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18, and 22 months of age. Heifer growth 
traits were weight, hip height, body con-
dition score, and pelvic area. Body con-
dition scores were given on a scale of 1 
to 9, where l=emaciated; 5=moderate; 
and 9=extremel y fat. In both trials, inter-
nal pelvic height and width were mea-
sured using a Krautman Bovine Pelvic 
Meter by one experienced investigator. 
Pel vic area was the product of the height 
times the width. Udder development 
scores were recorded at 6, 9, 12, and 18 
months of age on a scale ofl to 4, where 
l=normal development and 4=extreme 
teat and udder development. At calving, 
udder development scores were recorded 
on a scale of 1 to 3, where 1= small udder 
and 3=large udder. 
From weaning until the beginning of 
breeding season, heifers were observed 
twice daily, morning and evening, for 
standing estrus. Androgenized steers 
were used to help detect heifers in stand-
ing estrus. Between 7 and 14 days after 
being detected in standing estrus, blood 
samples were obtained from heifers and 
ovaries were palpated via rectum for 
presence of corpora lutea. Blood samples 
were also obtained twice, 10 days apart, 
before the breeding season began. Date 
of puberty for each heifer was deter-
mined from date of estrus, blood proges-
terone samples, and palpatable corpora 
lutea. 
A 63-day breeding season was used 
for both trials and began in May. During 
the ftrst 21 days of the breeding season, 
heifers remained in drylots and were 
checked twice daily for standing estrus. 
Approximately 12 hours after standing 
heat, heifers were artiftcially insemi-
nated (AI). Only one AI sire was used per 
trial, but each trial used a different sire. 
At the end of the ftrst 21 days, heifers in 
both trials were exposed to bulls for 
natural mating on native range for the 
remainder of the breeding season. 
Pregnancy examinations were per-
formed on the heifers 50 days after the 
end of the breeding season. Heifers diag-
Table 1. Least sguare meansa for bod~ measurements of heifers. 
Treatments P-value b 
Trait Control 2mo 6 mo 2& 6mo 2mo 6 mo Interaction 
No. of heifers 94 94 93 88 
Heifer weights, Ib 
2 mo-branding 181 180 181 180 
6 mo-weaning 466 482 466 482 <.01 
12 mo-yearling 651 669 649 682 <.01 
18 mo-preg check 845 854 843 860 <.09 
22 mo-precalving 937 944 939 953 
Hip height, in 
6 mo-weaning 41.5 41.5 41.5 41.5 
12 mo-yearling 45.7 45.6 45.5 45.5 
18 mo-preg check 48.8 48.1 48.4 48.2 <.10 
22 mo-precalving 49.7 49.3 49.3 48.9 <.04 <.05 
Condition scoresc 
12 mo-yearling 5.4 5.6 5.4 5.6 <.01 
18 mo-preg check 5.7 5.8 5.8 5.8 <.05 
22 mo-precalving 5.2 5.4 5.3 5.5 <.01 <.04 
Udder scoresd 
6 mo-weaning 1.2 1.6 1.2 1.6 <.01 
9 mo-wintering 1.1 1.5 1.4 1.7 <.01 <.01 
12 mo-yearling 1.9 2.1 2.2 2.3 <.01 <.01 
18 mo-preg check 1.4 1.4 1.6 1.5 <.01 
At calving 1.8 1.8 1.9 2.0 
Pelvic area, cm2 
6 mo-weaning 108 117 108 117 <.01 
12 mo-yearling 158 168 164 171 <.01 <.01 
18 mo-preg check 205 212 213 216 <.01 <.01 
22 mo-precalving 240 243 250 248 <.01 
'Values are pooled over two years with year effect removed. 
!>Probability levels of treatments effects determined by orthogonal comparisons. Only values of .10 or less 
are reported. 
cScoring system of 1 to 9, with 5=rnoderate. 
dScoring system of 1 to 4, with l=normal development and 4=extreme teat and udder development. At 
calving, scale was 1 to 3, with l=small udder and 3=large udder. 
Data sets were pooled over years with 
year effect removed by analyses. Data 
were analyzed by a one-way analysis of 
variance for a 2 x 2 factorial arrange-
ment. Percentage data were analyzed by 
logit transformation. Three orthogonal 
comparisons were used to test sources of 
differences (Treatments 1 and 3 versus 2 
and 4 = 2-month effect; Treatments 1 
and 2 versus 3 and 4 = 6-month effect; 
and Treatments 1 and 4 versus 2 and 3 = 
interaction of2 and 6-months implants). 
Calf sire and sex were removed from 
analyses forcalfbirth weight, vigor score 
and calving difficulty score. 
Results 
Growth Traits and Pelvic Size 
Body measurements at various ages 
for each treatment group are listed in 
Table 1. Heifers implanted at 2 months 
gained 15lb more (p<.01) before wean-
ing compared to non-implanted. Heifers 
implanted at both 2 and 6 months gained 
more than other treatments during the 
postweaning phase. However, before 
calving (22 months) no differences were 
noted in heifer weights among treat-
ments. 
No differences were found in heifer 
hip height measurements among treat-
ments at 6 and 12 months of age. How-
ever, implanted heifers had shorter 
(p<.05) hip heights at 22 months as 
compared to control heifers. The im-
plant at 2 months increased condition 
scores at 12, 18, and 22 months of age. 
The implant at 6 months increased con-
dition scores only at 22 months of age. 
Udder development scores were higher 
at6, 9,and 12 months due to the implant 
at 2 months. The implant at 6 months 
increased udder scores at 9, 12, and 18 
(Continued on next page) 
nosed not pregnant had their ovaries 
removed. Ovaries were weighed and 
examined, but no abnormalities were 
found due to implants. Conception dates 
for pregnant heifers were determined by 
using breeding dates,palpation, andcalv-
ing records. At calving, heifers were 
scored on a scale of 1 to 5 for degree of 
calving difficulty, with l=no assistance; 
3=easy mechanical pull; and 5=Caesa-
rean. Data from heifers with abnormal 
presentations and twins were deleted 
from analysis. Calf vigor scores were 
recorded on a scale of 1 to 5, with 1= 
nursed unassisted within 30 minutes; 
4=didn't nurse within 75 minutes and 
was assisted; and 5=dead at birth. Calf 
birth date, birth weight, and sex were 
recorded. Results on two-year-old cow 
reproduction traits and second-calf data 
were collected on 100 cows in trial 1 to 
determine if any long term effects of 
implants existed. 
Table 2. Least square meansa for reproductive traits of heifers. 
Treatments P-valueb 
Trait Control 2mo 6mo 2& 6 mo 2mo 6 mo Interaction 
Non-puberal estrus, % 8 19 23 40 <.05 <.01 
Date of puberty 3/14 3/13 3/15 3/13 
Puberal before breeding season, % 83 84 77 78 
In estrus first 21 d of breeding, % 92 89 89 89 
First service conception, % 68 65 57 61 
Pregnancy in breeding 
-21 days, % 67 60 61 55 
-63 days, % 93 92 89 86 
Average conception date 6n 6/9 6/9 6/9 
aValues are pooled over two years with year effect removed. 
bprobability levels of treatments effects determined by orthogonal comparisons. Only values of .10 or less 
are reported. Percentage data were analyzed using logit transformation. 
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Table 3. Least square means8 for calving traits of heifers. 
Treatments P-valueb 
Trait Control 2mo 6mo 2&6mo 2 mo 6 mo Interaction 
No. of heifers 79 82 76 73 
Average calving date 3/13 3/14 3/15 3/15 
Calf birth weight,C Ib 73.3 73.9 76.8 71.3 <.01 
Calf vigor score cd 2.7 2.6 2.9 2.5 <.01 
Calving difficulty score cc 1.84 1.65 1.62 1.30 <.01 <.01 
Calving difficulty.r 0/0 32 29 23 14 
Pelvic area/birth weight ratiog 3.33 3.33 3.35 3.52 <.08 
" Values are pooled over two years with year effects removed. 
b Probability level s of treatment effects determined by orthogonal comparisons. Only values of .10 or less 
are reported. 
cTrait analyzed removing effects of calf sex and sire. 
dScoring system was 1 to 5, with l=nursed within 30 minutes; 4=didn't nurse within 75 minutes and was 
assisted; 5=dead at birth. 
cScoring system was 1 to 5, with 1 =no assistance and 5=C section; all abnormal presentations were deleted 
from analysis. 
fIncludes only scores 3, 4 and 5. 
gRatio is pelvic area before calving divided by calf birth weight. 
months. The increase in udder and teat 
development can be detrimental in mar-
keting heifers, but appears to have no 
long term affect on production. 
and percent pregnant in first 21 days of 
breeding were numerically lower (not 
significant) for implanted heifers, espe-
cially the smaller underdeveloped heif-
ers. Pregnancy rates in first 21 days of 
breeding were 6 to 12 percent lower for 
implanted heifers compared to the con-
trols. Also, final pregnancy rate tended 
to be slightly lower (5%) due to the 
implant at 6 months. No differences 
were found in average date of concep-
tion among treatments. These results 
agree with other research which has 
shown a small reduction in fertility due 
to the implants. Producers need to con-
sider this negative effect on fertility, 
especially ifheifers will be on a low level 
of nutrition before breeding. 
Calving Traits 
Table 3 reports calving traits per treat-
ment group. No differences between 
treatments were found in average date of 
calving. Heifers receiving implants at 
both 2 and 6 months had calves with the 
lightest birth weights. Implants at either 
2 months or 6 months decreased (p<.Ol) 
calving difficulty scores. Heifers im-
planted at both 2 and 6 months had the 
lowest (best) calving difficulty score. 
These heifers had only 14 percent calv-
ing difficulty compared to 32 percent of 
the heifers in the non-implanted group. 
Heifers implanted at both 2 and 6 months 
also had the largest pel vic area/calf birth 
weight ratios. In past research, the larger 
ratios have been shown to be related to 
lower incidence of calving difficulty. 
Two-fear-Old Heifer Traits 
Data were collected on the rebreeding 
performance, milk production, and calf 
weaning weights on 100 two-year-old 
cows from Trial 1 and results are listed 
in Table 4. Percent in estrus before the 
start of the breeding season and percent 
The implant at 2 months increased 
pelvic area (p<.Ol) at 6, 12, and 18 
months of age. This implant increased 
pelvic area by 9 cm2 at 12 months of age, 
but by 22 months no significant differ-
ences were found. The implant at 6 
months increased pelvic area (p<.Ol) at 
12,18,and22months.Heifersimplanted 
at6 months had an increase in pelvic area 
of 7 cm2 over control heifers before 
calving (22 months) which assisted in 
reducing calving difficulty. Table 4. Reproduction and production traits of two-year-old cows in trial! 
Reproductive Traits 
Reproductive traits of heifers are pre-
sented in Table 2. Implanted heifers had 
a significantly higher occurrence of non-
puberal estrus (standing estrus with no 
ovulation) as compared to non-implanted 
heifers. These heifers showed riding 
activity without onset of puberty. No 
differences in date of puberty were found 
among treatments. Also, no differences 
were found in percent of heifers reach-
ing puberty before the start of breeding 
season, percent in estrus first 21 days of 
breeding, first-service conception rates, 
and percent pregnant in 21 days and 63 
days of breeding among treatments. 
However, first-service conception rates 
Treatments P-values a 
Trait Control 2mo 6mo 2&6mo 2mo 6mo Interaction 
No. of heifers 25 25 25 25 
In estrus first 21 d of breeding, 0/0 84 60 80 80 
Pregnancy in breeding 
-21 days, 0/0 76 60 80 72 
-63 days, 0/0 84 100 100 84 <.01 
Average daily milk production,b Ib 11.8 ILl 12.2 12.2 
Calf weaning weight, C Ib 454 446 451 449 
22 mo-first precalving 
pelvic area, cm2 233 241 248 243 <.07 
35 mo-second precalving 
pelvic area, cm2 298 310 309 304 
Second calf birth date 3/6 3/11 3/9 3/8 
"Data from a random sample of heifers in Trial 1 that were followed until they were three-year-olds with 
second calf. 
bValues are averages for estimates taken at three intervals during lactation. 
cWeaning weights adjusted for sex, birth date, and sire. 
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pregnant in first 21 days of breeding was 
numerically slightly lower (not signifi-
cant) for heifers implanted at 2 months. 
More data are needed to determine ef-
fects on reproduction. 
No differences in milk production 
and calf weaning weights were found 
among treatments. The average weight 
of the cows at 35 months of age was 
1,015 Ib, and no differences in weight 
were found among treatments. 
No differences were found among 
treatments for second calf birth date, 
birth weight, or calving difficulty per-
centages. More data are being collected 
on the long term effects of implants. 
In summary, producers need to weigh 
the advantages and disadvantages be-
fore deciding to use implants in heifer 
calves. Synovex C implants given at 2 
months increased weaning and yearling 
weights and yearling pelvic area and 
decreased calving difficulty scores; but 
may slightly lower early pregnancy rates. 
Implants given at 6 months increased 
precalving pelvic area and decreased 
calving difficulty scores; however, may 
lower fertility rate and total pregnancy 
rate. The combination of the implants at 
2 and 6 months increased gains up to 12 
months and precalving pelvic area, plus 
decreased calf birth weight and calving 
difficulty, but reduced fertility. There-
fore, trade-offs exist when using im-
plants in replacement heifers. Economic 
analyses of the trade-offs will be avail-
able to beef producers in the future. 
IRenee Hancock, graduate student. Gene 
Deutscher, Professor, Animal Science, West 
Central Research and Extension Center, North 
Platte. Merlyn Nielsen, Professor, Animal 
Science, Lincoln. Dave Colburn, technician. 
Rex Davis, cattle manager, West Central Research 
and Extension Center, North Platte. Mick Knott, 
manager, Gudmundsen Sandhills Laboratory, 
Whitman. 
2Study was partially funded by Syntex 
Agribusiness, Inc. 
Synthetic Progestins 
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Influences of synthetic progestins 
(norgestomet and MGA) and low levels 
of progesterone, as in comnwn estrous 
synchrony were compared to high levels 
of progesterone and progesterone from 
the corpus luteum. Twenty-nine cows 
were assigned to one of five treatments 
for 9 days: (1) norgestomet implant, (2) 
MGA (05 mg/head daily), (3) one pro-
gesterone releasing device (PRID: low 
levels of progesterone), (4) two PRIDs 
(high levels of progesterone), and (5) 
control. 
Cows receiving synthetic progestins 
and low levels of progesterone had a 
higherfrequencyofUi pulses during the 
latter part of the treatment period. Onset 
of the preovulatory surge of UI oc-
curred earlier in cows receiving 
norgestomet and low levels of pro gester-
one. Cows treated with norgestomet, 
MGA, and low levels of progesterone 
induced low levels of progesterone dur-
ing the luteal phase of the estrous cycle 
subsequent to treatment. These prelimi-
nary results suggest that abnormal de-
velopment of ovarian follicles by altering 
the secretion pattern of UI could cause 
reducedfertilityratesand less synchrony 
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of estrus and higher levels of pro gester-
one may improve conception rates at the 
synchronized estrus. More research is 
needed to confirm this theory. 
Introduction 
Synthetic progestins, melengestrol 
acetate (MGA) andnorgestomet(Syncro-
Mate-B), have been developed to syn-
chronize time of behavioral estrus and 
ovulation in beef cows. However, treat-
ment with synthetic progestins has been 
associated with reduced fertility when 
cows were inseminated at the synchro-
nized estrus following treatment. Many 
reproductive factors may be involved in 
this reduced fertility. Progestios influ-
ence gonadotropins, such as LH, which 
are important hormones for ovarian fol-
licular development. It has been reported 
that treatment with norgestomet causes 
an increase in LH pulse frequency. In 
addition, low levels of progesterone have 
been reported to have a similar effect on 
LH (1989, Beef Report, pp. 5-6). These 
reports implicated that ovarian follicular 
development in the cow might be altered 
by changes in secretion pattern of LH 
when treated with synthetic progestins. 
Our study was designed to investigate 
influences of synthetic progestins 
(norgestomet and MGA) and low levels 
of progesterone, as in common synchrony 
protocols, compared to high levels of 
progesterone and progesterone produced 
by the cow's corpus luteum on: (1) secre-
tion pattern ofluteinizing hormone (LH) 
during the treatment period, (2) timing 
(Continued on next page) 
of preovulatory surge of LH after treat-
ment (ovulation), and (3) progesterone 
production during the estrous cycle sub-
sequent to treatment 
Procedure 
Twenty-nine mature non-lactating 
crossbred beef cows (1/4 Hereford, 1/4 
Angus, 1/4 Pinzgaur, 1/4 Red Poll) ex-
hibiting normal estrous cycles were used 
in this study. Cows (2 to 5 years of age; 
1,082 ± 26 lb body weight) were ran-
domly assigned to an untreated control 
group (Control; n = 6) or one of four 
treatment groups: (1) one Progesterone 
Releasing Intravaginal Device (PRlD) 
with 10 mg estradiol benwate in a gela-
tin capsule to provide levels of progest-
erone of 2 to 3 ng/ml of plasma in 
circulation (IPRlD; n = 6); (2) two PRlDs 
without estradiol benzoate to provide 7 
to 10 ng/ml of exogenous progesterone 
(2PRID; n = 6); (3) norgestomet, admin-
istered in the Syncro-Mate-B program 
which includes a 6 mg norgestomet ear 
implant and an intramuscular injection 
of 5 mg estradiol valerate and 3 mg 
norgestometat the time of implant inser-
tion (NGEST; n = 6); and (4) melengestrol 
acetate (MGA) at a level of 0.5 mg per 
cow daily (MGA; n = 5). Stage of the 
estrous cycle was synchronized in cows 
from the control group before initiation 
of treatments by administration of two 
injections ofPGF 20 given 11 days apart. 
Therefore, cows in the control group 
were in the luteal phase of the estrous 
cycle with progesterone produced by the 
corpus luteum during the treatment 
period. 
On day 8 of the treatment period, 
catheters were inserted in the jugular 
vein of all cows and blood samples were 
collected at I5-minute intervals for 24 
hours. These blood samples were used to 
compare pulse frequency ofLH. On day 
9 of the treatment period, PRlDs and 
norgestomet implants were removed 
from cows in the IPRlD, 2PRlD and 
NGEST groups, the last feeding ofMGA 
was given to cows in the MGA group and 
cows in the Control group received an 
injection of PGF
2a 
(25 mg). Blood 
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Figure 1. Secretory profile ofLH from a representative animal from each treatment group during 
serial blood collection on Day 8 of treatment. 
samples were collected at hourly inter-
vals for 75 hours (IPRlD, 2PRlD and 
NGESTgroups) or 100 hours (MGAand 
Control groups) after removal ofPRIDs, 
norgestomet implants, last feeding of 
MGA and injection of PGF 20. These 
blood samples were used to determine 
timing to the preovulatory surge of LH 
during the follicular phase that ensued 
following progestin or progesterone 
withdrawal or the injection of PGF 20. 
Samples were then collected every other 
day for 26 days post-treatment to evalu-
ate concentrations of progesterone in 
plasma during the treatment period and 




Hormone Concentrations on Day 8 of 
Treatment 
During the serial blood collection on 
day 8 of the treatment period, frequency 
of LH pulses (Table 1) was highest 
(P<0.05) in cows from theNGEST group 
(18.83 ± 1.11 pulses/24 hours), whereas 
frequency did not differ (p>O.05) among 
cows from the MGA, IPRID and 2PRlD 
groups (13.40 ± 1.91, 11.83 ± 1.35 and 
9.50 ± 1.23 pulses/24 hours, respec-
tively). This greater frequency of LH 
pulses observed in cows from NGEST 
group is characteristic of the LH pattern 
normally observed during the follicle 
development phase of the estrous cycle. 
An increase in LH pulse frequency with 
lower doses of progesterone has also 
been reported in our laboratory (1989, 
Beef Report, pp. 5-6). In contrast, fre-
quency ofLH pulses was lowest (p<.05) 
for cows in the Control group (2.50 ± 
0.43 pulses/24 hours) in the present study . 
This agreed with results from our previ-
ous research (1989, Beef Report, pp. 5-
6). Figure 1 depicts data from individual 
representative cows from each treat-
ment group for the pulsatile secretory 
profile of LH. 


























aEstrous cycle following removal of all treatments. 
blnterval oftime between first rise in progesterone above 1 nglml and decline in progesterone below 1 ngl 
ml of plasma. 
c,d,cNumbers with differing superscripts within column differ (P<O.05). 
During the 9-day treatment period, 
mean concentrations of progesterone 
(fable 2) in cows treated with twoPRIDs 
and cows from the Control group were 
higher (P<.05) than cows from the 
IPRID,NGESTandMGAgroups.Cows 
treated with two PRIDs had similar mean 
concentrations of progesterone compared 
to cows from the Control group. 
Hormone Concentrations After 
Treatment 
After treatments ended on day 9, 
initiation of the preovulatory surge of 
LH (Table 1) was 20 hours earlier (p<.05) 
in cows from the NGEST group (45 
hours) and tended (p<.1O) to beearlierin 
cows from the IPRID group (51 hours) 
than in cows from the 2PRID (65 hours) 
and Control (65 hours) groups. These 
results showed that follicular maturation 
might have been earlierin cows from the 
IPRID and NGEST groups as compared 
to cows from the 2PRID and Control 
groups. 
Four of five cows treated with MGA 
failed to begin a preovulatory surge of 
LH within the lOO-hour blood sampling 
period following cessation of treatment. 
The failure to initiate preovulatory surge 
ofLH in cows treated with MGA might 
be associated with low levels of proges-
terone still in circulation. Three of the 
four MGA treated cows that did not 
initiate the LH surge had more than 1 ng! 
ml of progesterone in circulation during 
the treatment period. Despite two injec-
tions of PGF 2«' concentrations of pro-
gesterone were not maintained at basal 
concentrations in these cows. We have 
no explanation for this phenomena, how-
ever, MGA may cause luteinization of 
Table 1. Mean concentrations of progesterone, mean concentrations of LH, frequency of pulses of 
LH on day 8 of treatment and timing to the preovulatory surge of LH. 
Day 8 of the Treatment Period 
Mean Frequency of Timing to pre-
progesterone MeanLH LHpulses ovulatory surge 
Treatment (nglml) (nglml) (pulses!24h) ofLH (h)a 
NGEST (n=6) O.3b l.lb 18.8b 45b 
MGA (n=5) 1.7b l.lb 13.4c (68?:, 
IPRID (n=6) 1.9b O.8b 11.8c 51 
ZPRID (n=6) 8.5c O.8b 9.5c 65c 
Control (n=6) IO.Zd O.5c Z.5d 65c 
aNumber of animals initiating the preovulatory surge of LH during the 75 or 100 h after cessation of 
treatment: NGEST n=4; MGA n=l; IPRID n=4; ZPRID n=4; Control n=5. 
b.c,dNumbers with differing superscripts within column differ (P<O.05). 
Cpour of five cows treated with MGA did not initiate a preovulatory surge of LH during the 100 h blood 
collection. 
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the cells that make up the ovarian fol-
licles to the point that they began pro-
ducing some progesterone. 
All cows (38%) that did not initiate a 
preovulatory surge of LH during the 
blood sampling period (75 or 100 hours) 
had increased concentrations of proges-
terone within 10 days after cessation of 
treatment. These cows presumably had a 
delayed preovulatory surge of LH be-
yond the hourly blood collection period 
(75 or 100 hours depending on treat-
ment). 
Mean concentrations of progesterone 
(Table 2) during the estrous cycle subse-
quent to treatment were greater (p<.05) 
in cows treated with two PRIDs and 
cows from the Control group than cows 
from the IPRID, NGEST and MGA 
groups. Duration of the luteal phase 
(Table 2) was not different (p>.1O) 
among cows in all treatment groups. 
These observations suggest treatments 
oflow doses of progesterone or synthetic 
progestins may cause reduced fertility 
via alteration in the secretion pattern of 
reproductive hormones. We are investi-
gating the use of higher doses of proges-
terone for the estrous synchronization 
that may have the potential to synchro-
nize estrus without reduced fertility. 
I Naoto Kojima, Andrea Cupp, graduate 
students. Todd Stumpf, LaRee Werth, Mark 
Roberson, Michael Wolfe. former graduate 
students. Roger Kittok. Associate Professor, 
Animal Science. Lincoln. James Kinder, Professor. 
Animal Science. Lincoln. 
Level of Progesterone Influences Pregnancy Rate in 












To determine if the presence of the 
corpus luteum would enhance concep-
tion rates in bovine females treated with 
a progestin sixty heifers (one replicate) 
and 160 cows (two replicates) were as-
signed at random to two groups. Cows 
and heifers from one group received a 
norgestomet implant and PGF
2a 
on day 
7 (PG 7), and the animals in the second 
group received a norgestomet implant 




The norgestomet was removed from 
all cattle on day 17. Percentage of cows 
or heifers pregnant to artificial insemi-
nation (AJ) at day 60 was different 
between treatment groups. Percentage 
that calved to AJ in the PG 17 group was 
87,78 (cows) and 58% (heifers)and31, 
44 (cows) and 41 % (heifers) for animals 
in the PG 7 group. Total pregnancy rates 
to AI in bovine females receiving 
norgestomet with the corpus luteum 
present (PG 17) were greater than in 
cows treated with norgestomet without 
the corpus luteum (PG 17). Concentra-
tion of 17~-estradiol in plasma was not 
different at day 7 but was greater at days 
10, 13 and 16 for PG 7 compared to PG 
17 cows. Greater concentration of 17~­
estradiol inPG 7 cows may contribute to 
the decreased conception rate. 
Introduction 
Different methods of synchronizing 
estrus with exogenous hormones to con-
trol time of behavioral estrus have been 
used with varying degrees of success in 
beef cattle. Our laboratory has docu-
mented that cows treated with a proges-
tin, causing low levels of progesterone in 
the blood, have a greater frequency of 
LH pulses compared to cows with higher 
concentrations of progesterone in circu-
lation. In addition, concentrations of 
17~-estradiol were greater in cows with 
low levels of progesterone in circula-
tion. The failure of low levels of blood 
progesterone to regulate the function of 
many organs involved in reproduction 
may be the reason for decreased fertility 
when a synthetic progestin is used in a 
synchronization program. Therefore our 
working hypothesis in this study was 
that pregnancy rate would be greater in 
cows treated with a synthetic progestin 
that also had a corpus luteum producing 
progesterone compared to cows in which 
the corpus luteum was regressed and not 
producing progesterone but had low lev-
els of progesterone from a synthetic 
progestin implant. 
Procedure 
This study was conducted at the Uni-
versity of Nebraska, Mead Research and 
Development Center and the Dalbey-
Hallek Farm, Virginia, Nebraska. Sixty 
heifers (one replicate), 80 cows (1/4 
Angus, 1/4 Hereford, 1/4 Red Poll, 1/4 
Pinzgaur; second replicate) and 80 cows 
(1/4 Hereford, 1/4 Angus, 1/4 Gelbvieh, 
1/4 Simmental; third replicate) were used. 
Cows were randomly assigned to two 
treatments. All animals received 
melengestrol acetate (MGA, 0.5 mg 
daily) in the feed for 10 days to synchro-
nize day of estrus (day 0 = day of estrus). 
Only cows and heifers detected in estrus 
were used in the experiment. Seven days 
after estrus, all animals were treated 
with a norgestomet (N) implant contain-
ing 6 mg of the progestin (17a.acetoxy-
11~ methyl-19-nor-pregn-4 ene-3,20 
dione) and the implant remained in the 
ear for 10 days to provide a continuous 
exogenous source of progestin in the 
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blood of cows and heifers. Cows and 
heifers from one group received an in-
jection of PGF 2a the day that they re-
ceived a N implant (PG 7). The PGF 2a 
will regress the corpus luteum in PG 7 
cattle so that progesterone in blood is 
from the N implant only in this group. 
The second group received a N implant 
on day 7 and the PGF 2a on day 17 (PG 
17). So between day 7 and 17, PG 17 
cattle have progesterone coming from 
the norgestomet implant and the corpus 
luteum on the ovary. All N implants 
were removed on day 17. 
Cows and heifers were observed for 
behavioral estrus three times a day. Bulls 
were fitted with chinball markers to 
assist in detecting females they mounted. 
Twelve hours after detection of estrus, 
cows and heifers were artificially in-
seminated by experienced technicians. 
After a 7 -day artificial insemination 
period there was a 7 -day period in which 
no breeding occurred. This was followed 
by a period of 48 days, during which 
cows and heifers were pastured with 
fertile bulls. 
Cows from one replicate (31 of the 
PG 17 and 30 of the PG 7) were bled 
every other day via jugular venipuncture 
from time of implant insertion until re-
moval of the implant, and then daily 
from removal of the implant (day 17) 
through day 45. The plasma obtained 
was assayed for progesterone and 17~­
estradiol. 
Results 
Percentages of animals exhibiting 
behavioral estrus during the 7-day pe-
riod of artificial insemination in the 
three replicates of the study were 95, 91 
(cows) and 97% (heifers). The average 
time from N implant removal to initia-
tion of behavioral estrus was different 
(p<.01) between replicates and between 
treatment groups, but there was no treat-
ment by replicate interaction (p>.IO). 
The average time from N withdrawal to 
initiation of behavioral estrus in females 
from the PG 7 group (N without corpus 
luteum) was earlier, 62 ± 5, 48 ± 7, and 
32 ± 4 hours (heifers), than for animals 
from the PG 17 group (N with corpus 
luteum) which exhibited estrus at 70 ± 3, 
52 ± 4, and 51 ± 4 hours (heifers). 
Table 2. Concentrations of I71l·estradiol (pglml of plasma) during the period of treatment with 
norgestometa 
Percentage of all the cows used in the 
study that were pregnant from the 7 -day 
breeding period when palpated at 60 
days after N withdrawal was different 
between treatment groups (p<.01). In 
the PG 17 group, 75% of the females 
were pregnant to artificial insemination, 
compared with 40% in the PG 7 group. 
Table 1 contains data for the percentage 
of animals calved to artificial insemina-
Group n 7 
PG7b 27 2.3±O.3
d 
PG I7c 26 3.l±O.3
d 
aMean±SEM 
bNorgestomet without corpus luteum. 
CNorgestomet with corpus luteum. 
d'~eans with different letters differ (p<.05) 
tion, breeding, percentage pregnant by 
natural service, percentage that aborted, 
and percentage not pregnantat the end of 
the study. 
Concentrations of progesterone dur-
Table 1. Percentage of females that calved to artificial insemination, to natural service, abortions 
and non pregnant to artificial insemination and natural service. 
Calved to Calved to 
artificial natural Abortionsc Non-
Treatment insemination service (%) pregnantd 
(%) (%) (%) 
PG7a 
Repetition I cows 3Ie 4Se lOf I4f 
Repetition 2 cows 44e SOe Oe 6e 
Heifers 41 e 38e 6e ISf 
PG I7b 
Repetition I cows 87f 6.Sg Oe 6.5e 
Repetition 2 cows 1Sf I9f Oe 3e 
Heifers 5Sf 2If 6e I5
f 
aNorgestomet without corpus luteum 
bNorgestomet with corpus luteum 
CPregnant at palpation but did not calve 
d . 
Not pregnant at palpation 
e,f,gPercentages with different letters differ (p<.OI). 
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Figure 1. Concentration of progesterone in plasma from cows with a norgestomet implant only (PG 
7) and cows with a Norgestomet implant and a corpus luteum (PG 17) between day 7 and 
17 of treatment. 
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ing the treatment period were greater 
(p<.01) in cows from the PG 17 group 
than cows from the PG 7 group (Figure 
1). The incidence of short luteal phases 
and delayed corpus luteum development 
during the subsequent estrous cycle ap-
peared to be greater in cows in the PG 7 
group. 
Concentrations of 17~-estradiol in 
plasma were not different at day 7 (be-
ginning of the N treatment, P> .10) but 
were greater (p<.01) at days 10,13 and 
16 in cows from the PG 7 than in cows 
from the PG 17 group. These data are 
shown in Table 2. 
When N was present with the corpus 
luteum (pG 17), causing high levels of 
progesterone in blood, there was a greater 
percentage of heifers and cows pregnant 
compared to N treatment without the 
corpus luteum (PG 7). Explanations for 
reduced pregnancy in PG 7 cattle could 
include: 1. lower concentrations of pro-
gesterone may allow for enhanced LH 
pulsatility influencing follicle develop-
ment, 2. increased concentrations of 17~­
estradiol during the treatment period 
cause abnormal ovarian follicle devel-
opment and damage to the egg that is 
ovulated, or 3. greater concentrations of 
17~-estradiol may alter the secretory 
and/or muscular contractility of the ovi-
duct and/or uterus, influencing the trans-
port and viability offertilized eggs. Fur-
ther research will clarify why pregnancy 
is compromised when using synthetic 
progestins. 
lTeresa Sanchez, Michael Wehrman, Ellen 
Bergfeld, Karol Peters, Naoto Kojima, Andrea 
Cupp, Valentina Mariscal, graduate students. 
Michael Wehrman, research technician, Animal 
Science. Roger Kittok, Rick Rasby, Associate 
Professors, Animal Science. James Kinder, 
Professor, Animal Science, Lincoln. 







Calfbirth weight and yearling heifer 
pelvic area were primary factors affect-
ing calving difficulty in 429 two-year-
old heifers. The pelvic arealbirth weight 
ratio (PAIBW) had a significant linear 
relationship with calving difficulty score. 
ThebestPAIBWratiowas2.1 when used 
in evaluating potential difficulty in 600-
lb yearling heifers. Heifers with values 
below 2.1 experienced more calving dif-
ficulty than heifers with values greater 
than 2 .1. The pelvic area/yearling weightl 
birth weight ratio (PAIYWTIBW) also 
had a significant linear relationship with 
calving difficulty score, but was less 
accurate in evaluating potential calving 
difficulty. The heritability of pelvic area 
measured at6 months of age was 72% on 
99 heifers and their calves. This indi-
cates heifer pelvic size can be increased 
through bull and heifer selection. Pro-
ducers can reduce calving difficulty by 
selecting easy calving bulls to use on 




old heifers is the primary cause of calf 
losses. Calving difficulty is influenced 
by many factors. Research has shown 
the basic cause is a disproportion be-
tween the heifer's pelvic area and the 
calf size at birth (birth weight). A large 
calf and small pelvic opening creates a 
difficult delivery. Producers are cur-
rently interested in how a combination 
of factors and their relationships may 
affect calving difficulty. 
This study evaluated various combi-
nations of factors (ratios) which may 
influence calving difficulty, the correla-
tions between these factors and also the 
heritability of pelvic area. Management 
practices to reduce the incidence of calv-
ing difficulty are discussed. 
Procedure 
Calving data were collected on 2-
year-old heifers (429) at the Gudmundsen 
Sandhills Laboratory near Whitman and 
the West Central Research and Exten-
sion Center, North Platte, over a 6-year 
period. Heifers that had a previous re-
search treatment were not used in this 
study. Calving data consisted of calf 
birth weight and calving difficulty score. 
Table 1. Least square means of yearling heifer weight, pelvic area and calf birth weight by calving 
difficulty scores 
Calving Difficulty Scores 
Factors 2 
No. heifers 275 111 
Yearling Weight,lb. 623 636 
Yearling Pelvic area, cm2 168.7" 168.7" 
Calf birth weight, lb. 74" 81b 
PA~ .272" .267"b 
PA/YWTfBW .00372" .OO333b 
PAfBWf 2.3" 2.1 b 
"bCMeans with different letters in same row are significant (P<.05). 
dpelvic area to yearling weight ratio. 
"pelvic area to yearling weight to calf birth weight ratio. 


















Calving difficulty scores ranged from 1 
to 6, with: 1) no assistance; 2) easy hand 
assistance; 3) easy mechanical pull; 4) 
hard mechanical pull; 5) caesarean birth; 
and 6) abnormal presentation. All abnor-
mal presentations were deleted from the 
analyses. Yearling heifer weights and 
yearling pelvic areas had been obtained 
on these heifers. 
Data were analyzed by least squares 
analysis with main effects of year and 
calving difficulty score. Year effects 
were removed. Factors analyzed were: 
yearling heifer weight (W1), yearling 
pelvicarea(p A), and birth weight of calf 
(BW). In addition, three ratios were 
developed and analyzed. They were: 
pelvic area/yearling weight (p A/YWT), 
pelvic area/yearling weight/birth weight 
(PA/YWT/BW) , and pelvic area/birth 
weight (PA/BW). Correlations were cal-
culated for all factors and ratios. 
The heritability of pelvic area was 
also estimated using parent-offspring 
regression analysis on 99 heifers and 
their calves. Pelvic measurements for 
heritability estimates were obtained when 
the cow was 6 and 12 months of age and 
when her calf was 6 months of age 
(weaning). About 70% of the calves 
were sired by one Red Angus bull through 
artificial insemination. 
Results 
The least square means of yearling 
heifer weight, pelvic area, calf birth 
weight, and various ratios by calving 
difficulty scores are shown in Table 1. 
Yearling heifer weight was not signifi-
cantly different among calving diffi-
culty scores. Yearling pelvic area de-
creased (P<.05) as calving difficulty 
increased. Calf birth weight increased 
significantly (p<.05) as calving diffi-
culty scores increased. 
The P A/YWT ratio decreased with 
calving difficulty. TheP A/BW ratio was 
significant (P<.05) and decreased lin-
early as calving difficulty increased. 
Table 2. Correlations of factors and ratios 
Factors Correlations 
No. Heifers 429 
YIg. Wt-Pelvic Area (Wf-PA) .4S" 
Ylg. Wt-CalfBirth Wt. (Wf-BW) .11" 
Ylg. Wt-Calving Diff. (Wf-CD) .02 
Ylg. Pelvic Area-Calf Birth Wt. 
(PA-BW) .14" 
Ylg. Pelvic Area-Calving Diff. 
(PA-CDS) -.12' 
Ylg. Pelvic Area/Hfr.Ywt-Calf 
Birth Wt. (PA/YWT-BW) .03 
Ylg. Pelvic AreaIHfr.Ywt-Calving 
Diff. (PA/YWT-CDS) -.14" 
Calf Birth Wt.-Calving Diff. 
(BW-CDS) .47" 
Ylg. Pelvic Area/Hfr.Ywt./Birth 
Wt.-Calving Diff. (pA/YWT1 
BW-CDS) -.43" 
Ylg. Pelvic Area/Birth Wt.-Calvin 
Diff. (pA/BW-CDS) -.45" 
'Significant at (p<.05). 
The PNYWT/BW ratio, which takes 
into account the weight of the heifer, 
also showed a linear decrease as calving 
difficulty scores increased. However, 
differences were not greater than the P N 
BW ratio, so did not improve the delin-
eation of calving difficulty. The ratio of 
PNEW appears to best describe differ-
ences in calving difficulty scores. 
The correlations of factors for all 
heifers are shown in Table 2. The corre-
lation for yearling heifer weight with 
pelvic area (WT-PA) was moderately 
high at .48, indicating that the pelvic 
area tends to grow in proportion to heifer 
growth. The correlation of yearling heifer 
weight with calfbirth weight (WT -BW) 
was low at .11; therefore, small heifers 
do not necessarily have small birth weight 
calves and large heifers don't always 
have large calves. 
The very low correlation (.02) of 
heifer weight with calving difficulty 
score means that heifer weight is not 
related to degree of calving difficulty. 
Therefore, selecting large yearling re-
placement heifers will not necessarily 
reduce calving difficulty. The correla-
tion of pelvic area and calving difficulty 
score was low and negative ( -.12),mean-
ing as pelvic area increased, calving 
difficulty score decreased. However, 
when birth weight was removed as in the 
correlationof(pNEW -CDS), thecorre-
lation was substantially higher (-.45) 
indicating selection of heifers with larger 
pelvic areas should help decrease calv-
ing difficulty. The correlation of calf 
birth weight with calving difficulty score 
was .47 and indicates weight of calf at 
birth was the most important variable 
influencing calving difficulty. There-
fore, producers need to continue to select 
bulls with low birth weightEPD's to use 
on heifers. 
Some producers are concerned that 
large pelvic area heifers will have large 
birth weight calves. This does not seem 
to be the case as the correlation of pelvic 
area with calf birth weight was low at 
.14. When the effectofheiferweight was 
removed, as shown in the correlation of 
P NYWT ratio with calf birth weight, 
the value is very low (.03) and nonsig-
nificant. It appears heifer pelvic area and 
her calf birth weight have a very low 
relationship. 
The correlation of pelvic area/birth 
weight ratio with calving difficulty score 
(PNEW-CDS) was negative (-.45) and 
moderately high, meaning that as the 
P NEW ratio increased, the calving dif-
ficulty score decreased. This ratio seems 
to best describe calving difficulty. The 
inclusion of hei fer weight in the ratio did 
not improve the correlation with calving 
difficulty. 
The ratios ofPNYWT/BW and PN 
BW were used to divide assisted from 
unassisted births in the heifers as shown 
in Figures 1 and 2. Many values were 
compared to determine which one would 
best separate the heifers. 
A value of 2.1 was the best PNEW 
ratio to separate the heifers into assisted 
and unassisted groups. The group of 
heifers with values below 2.1 required 
62% calving assistance, while heifers 
above 2.1 only required 18 % assistance. 
The best value to separate calving diffi-
Table 3. Estimates of heritability for pelvic area 
Calf Breed No. Sex 
Red Angus 30 steer 
Red Angus 40 heifer 
Red Angus & Red Poll 99 steer & hfr. 
Red Angus & Red Poll 99 steer & hfr. 
Average h2 
"Heri tability estimate = h2 
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culty from no calving difficulty using 
the P NYWT/BW ratio was 0.34. How-
ever, this ratio did not improve the sepa-
ration of assisted and unassisted heifers 
over the P NEW ratio; therefore, it ap-
pears the best ratio to use in describing 
calving difficulty is the PNEW ratio. 
The heritability of pelvic area was 
estimated with four groups of heifers and 
their calves. The heritability estimates 
ranged from 51 to 81 % with an average 
of 70% (Table 3). These estimates sup-
port other reported research. Because 
the heritability of pelvic size is high, 
producers can increase the pel vic size of 
future replacement heifers by selecting 
bulls with larger pelvic areas. 
Several management practices can 
be used to reduce calving difficulty. 
Selection of bulls with low birth weight 
EPD's can be used on heifers to reduce 
calf birth weights. Heifers can be pelvic 
measured before the breeding season 
and the small pelvic area heifers re-
moved and not bred. To help select 
replacement heifers, theP NEW ratio of 
2.1 can be used on 600 lb yearling heifers 
to estimate deliverable calf birth weight 
For example, a yearling heifer with a 
pelvic area of 160 cm2 should have little 
difficulty in delivering a 76lbcalfasa2-
year old (160+ 2.1 = 76). Different PN 
BW ratios should be used for different 
weights of heifers. More information 
and tables with ratios are available in 
NebGuide G88-895, Pelvic Measure-
ments to Reduce Calving Difficulty. 
lDavid Colburn, technician, Gene Deutscher, 
Professor, Rex Davis. cattle manager, Animal 
Science, West Central Research and Extension 
Center, North Platte. Mick Knott, ranch manager, 
Gudmundsen Sandhills Laboratory, Whitman. 
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Figure 1. Using PAlBW ratio to separate assisted and unassisted heifers at calving 
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In the spring of 1991, Sandhills 
ranchers were interviewed about char-
acteristics of their ranches and prevail-
ing management practices. Enumerators 
completed 128 questionnaires from 
ranchers which representedawide range 
of ranch sizes and management styles. 
The purpose of the study was to pro-
vide ranchers, researchers, and educa-
tors with statistically reliable measures 
of management practices on Sandhills 
ranches. While each ranch is unique, 
many ranches operate in similar ways, 
so management strategies can be mean-
ingfully categorized. Questions inquired 
about topics such as operator character-
istics, herd health, reproduction, range 
and meadow management, marketing 
practices and financial management. 
The survey found that the average 
ranch covered 4,626 acres of deeded 
and leased land. The average spring 
calving cow herd contained 211 cows. 
About 80% of Sandhills ranches have 
spring calving cow herds, while 15% 
also have afall calving herd averaging 
48 cows. Steer calves averaged nearly 
550 pounds at weaning in 1990, while 
heifers weaned at an average of 515 
pounds. Over 91 % of the producers keep 
financial records while only 43% keep 
production records. Livestock inventory 
records were maintained by 60% of the 
producers. 
Introduction 
The Nebraska Sandhills encompass 
nearly 12.5 million acres; over 11 mil-
lion of those acres are range and pasture 
land. In 1987, the 16 counties that con-
tain the majority of the Sandhills were 
home to 1.3 million head of cattle and 
calves. Nearly 565,000 of these cattle 
were beef cows, representing 31 % of 
Nebraska's beef cow inventory. 
The recent Integrated Reproductive 
Management (IRM) project in Nebraska 
demonstrated the importance of man-
agement practices to ranch profitability. 
Research into the biological effects of 
management practices has been and is 
being conducted at the Gudmundsen 
Sandhills Laboratory (GSL) north of 
Whitman, NE. Economic analysis of 
biological research often requires as-
sumptions about several other manage-
mentpractices not specifically analyzed 
by the particular research. Furthermore, 
little documentation exists on the rela-
tionship between research at GSL and 
the prevailing management practices of 
Sandhills ranches. 
Figure 1. The Sandhills of Nebraska and counties included in the ranch management survey. 
This study sought to determine pre-
dominant managementpractices of Sand-
hills beef cattle operations. Such infor-
mation will not only guide researchers 
and educators, but will also permit pro-
ducers to compare their operations to 
others. 
Procedure 
A stratified random sample of Sand-
hills ranches was drawn from the confi-
dentiallist maintained by the Nebraska 
Agricultural Statistics Service (NASS). 
Strata were chosen to gain precision in 
estimation. Six strata based on total cattle 
numbers were chosen: 1 to 199; 200 to 
999; 1000 to 1999; 2000 to 2999; 3000 to 
3999; and more than 3999. NASS con-
tacted all producers to obtain permission 
for release of their name to the Univer-
sity for participation in the survey. 
Based on projected costs of collect-
ing the survey information, a sample 
goal of about 5% or 150 operations was 
the target. Size was chosen as an appro-
priate way to stratify because there was 
a high degree of size variation and size 
was hypothesized to be strongly corre-
latedwithseveralofthepopulationchar-
Table 1. Comparison of expanded sample to other measures of similar parameters 
Parameter Expanded sample Other measures 
Grazing land (acres) 11,483,046 10,414,000· 
11,256,2oob 
Subirrigated meadows (acres) 999,132 1,4oo,OOOc 
Total land (acres) 12,754,985 13,760,700d 
1l,940,OOOb 
Beef cows (head) 535,409 551,OOOe 
"From 1987 Census of Agriculture for 16 Sandhills Counties for "All Pastureland." 
bU.S. Dept. of Agriculture, Soil ConseIVation SeIVice. 1989. The 1982-1987 National Resources 
Inventory, for MLRA 65. 
cHladek, Kenneth L. State Range ConseIVationist. USDA. Soil ConseIVation SeIVice. Nebraska State 
Office. Personal letter. March 5, 1992. 
dFrom 1987 Census of Agriculture for 16 Sandhills Counties. 
e1990 Inventory for 16 Sandhills Counties, Nebraska Agricultural Statistics SeIV. 1991. 1990/1991 
Nebraska Agricultural Statistics. 
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acteristics being studied. Size was also 
one of the few known measures of the 
population. TheNASS listshowednum-
ber of cows and total head of cattle for 
each operation. NASS lists were on a 
county basis; however, the focus of the 
survey was on Sandhills ranch opera-
tions. Thus, only counties with 50% or 
more land area in the Major Land Re-
source Area (MLRA) known as the 
Sandhills were used for sampling. A 
total of 16 counties was included in the 
survey as shown in Figure 1. 
NASS enumerators contacted sam-
pled ranchers by telephone to gain their 
consent to participate in the survey. The 
original sample included 329 operations. 
Some operations were found to be ineli-
gible because they were dairies or feed-
lots, some were not reachable (gone out 
of business, moved, etc.), and others 
refused to participate. Operators who 
agreed to be surveyed were then con-
tacted and interviewed in person by 
trained enumerators who used standard-
ized questionnaires. Questionnaires were 
completed for 128 beef cattle producers. 
Ideally, those who refused to be inter-
viewed should have been sampled to 
check for bias. Since they had already 
declined to participate, it was not prac-
tical to complete that step. To assure a 
representative sample, some parameters 
measured by the sample were expanded 
to population totals and compared to 
other measures of similar parameters. 
Results of the comparison are shown in 
Table 1. 
(Continued on next page) 
Results 
Only selected questions from the sur-
vey are discussed in this report. Com-
plete survey results will be forthcoming 
in research bulletins. Answers to some 
questions were adjusted for sample strati-
fication and thus represent inferences to 
the population ofSandhills ranches. Other 
results are presented for the ranches that 
completed the survey questionnaires and 
are so noted. 
Ranch Size and Resource Base 
The average ranch in the Sandhills 
was estimated to contain 4,626 acres, 
which includes deeded and leased land. 
The 95% confidence interval about the 
mean was 3,940 to 5,312 acres. The 
operations in the survey ranged in size 
from 17 to just over 100,000 acres. 
Number of cattle is another indicator 
of size. About 80% of Sandhills opera-
tions contain spring calving, commer-
cial cow herds that average 211 cows. A 
little over 15% of the ranches also have 
fall calving herds that average 48 cows. 
As expected, the resource base of the 
ranches varies across the Sandhills. Just 
over 7% of the operations depend on 
range alone and must purchase hay that 
is fed. Another 34.5% used range and 
hay from the uplands. Over 51 % have 
access to subirrigated meadows as well 
as range. Subirrigated meadows in the 
ranches surveyed varied in size from 10 
to 9,000 acres. Meadows averaged 640 
acres on ranches with subirrigated 
meadows. 
Utilization of Resource Base 
The subirrigated meadows are used 
primarily for hay production, but they 
also serve as a major grazing resource. 
An estimated 80% of the meadows are 
grazed-55% of the operations graze 
meadows after hay harvest. Onl y 16% of 
the ranches graze meadows in the spring 
of a typical year and 30% use them for 
winter grazing. Nearly 15% of the opera-
tions with meadows graze at least some 
meadows year-round. 
Uplands grass is the major grazing 
resource in the Sandhills, but it is also 
used for some hay production. An esti-
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Figure 2. Weaning weights of Sand hills calves, 1986·1990 
used for producing hay. Upland hay sites 
ranged in size from 10 to 4,600 acres for 
the sampled ranches with an average of 
270 acres. 
Hay production on upland, subirri-
gated meadows and irrigated alfalfa 
provides the major winter roughage for 
the area. Average yields were 1.4 tonI 
acre, 0.4 ton/acre and 4.8 ton/acre for 
meadows, upland and irrigated alfalfa 
respectively. The average alfalfa field 
contained 113 acres. 
Cattle Breeds, Replacement Selection 
and Production 
The majority of Sandhills cows are 
cross-breeds of various combinations; 
however, about 36% of the ranches with 
cows contain some straight bred black 
Angus and nearly 32 % had some straight 
bred Herefords. Most of the other breeds 
are present on some ranches but no other 
single breed or breed combination ap-
pears on more than 9%. 
Development or purchase of replace-
ment heifers is one management tool 
that may change the quality of the cow 
herd. Over 76% of the producers raise 
their own replacements. Nearly 19% of 
the ranches maintain a separate herd of 
straight bred cows for the purpose of 
- 24 -
raising replacements. About 30% of the 
operations purchase at least some of 
their replacement heifers or cows. About 
half of those that purchase also raise 
some replacements. 
Black Angus bulls were the most 
popular breed followed by Hereford, 
Charolais, Simmentaland Gelbvieh. Just 
about all of the major breeds are present 
in the Sandhills. 
Most bulls are owned but 7% of the 
producers used at leastsomeleasedbulls. 
Lease rates for those surveyed ranged 
from $250 to $600 per breeding season. 
Leased bulls typically were retained on 
the ranch for 4 months. 
Many criteria can be used to select 
replacement cattle. Over half the pro-
ducers used visual appraisal, size, frame, 
disposition, and weight-to-age as the 
basis for selecting replacement heifers. 
Bull selection was based on visual ap-
praisal, birth weight, weaning weight, 
confirmation, frame size, and weight-to-
age by a majority of the operations. 
Changes in management practices 
and nutrition at least partly explain the 
increased weaning weights of spring 
steer and heifer calves between 1986 and 
1990 (Figure 2). Steer calf weaning 
weights increased about 38 pounds per 
Table 2. Percent of all producers with cows 
that use various practices, Sandhills of 
Nebraska 
% 
AI mature cows 10.0 
AI heifers 9.0 
Pregnancy check cows 53.0 
Pregnancy check heifers 46.0 
Fertility test bulls 58.9 
Identify calves individually at birth 70.0 
Weigh calves at birth 8.9 
head to nearly 550 pounds. Heifers in-
creased by 34 pounds per head to 515 
pounds over the same time period. Im-
proved forage production in 1990 prob-
ably accounted for the larger increase 
between 1989 and 1990. Fall calves had 
heavier weaning weights than spring 
calves. Fall steer calves averaged 575 
pounds and fall heifer calves averaged 
523 pounds in 1990. Weight differences 
between spring and fall calves may be 
due to factors such as age at weaning and 
whether or not the calves received supple-
mental feed before weaning. Those ques-
tions were not asked. 
Management Related to Reproduction 
Table 2 shows the proportion of 
ranches with cows (85% of Sandhills 
ranches) that used the listed practices. 
Approximately 10.5% of the operations 
with cows used artificial insemination 
on at least part of their mature cows. 
Over half of all operations with cows 
check their cows for pregnancy. 
General Nutrition 
About 47% of the calf producers im-
plant their steers, while only about 25% 
implant part or all of their heifer calves. 
Over 90% of the producers feed a min-
eral or salt supplement that contains 
trace elements such as copper. Nearly 
50% used legume hay in a typical winter 
feeding program, while 30% used their 
own cornstalks. 
Almost 85% of the ranchers feed hay 
on the ground. Others feed in bunks, and 
about 25% grind at least some of their 
hay. Only about one-third check their 
hay for protein and energy content. Pro-
tein supplements used for mature cows 
and heifers cover a wide range of prod-
ucts. Supplements containing 18 to 24% 
and 30 to 35% protein from all natural 
sources were the most prevalent. 
Herd Health 
Ranchers were asked which disease 
resulted in at least some animals requir-
ing treatment each year. Scours and 
respiratory problems were checked as 
problems for 58 and 47% of the produc-
ers, respectively. Other diseases men-
tioned by 15% or more were, in order of 
importance: foot-rot, pinkeye, cancer 
eye, and coccidiosis. 
Fly control was handled by several 
means. Producers used ear tags (46.3%), 
back rubbers (43.6%), and dust bags 
(36.6%) as their primary weapons against 
flies. Only 15% did not have some form 
of grub and lice control. Over43% do not 
have a worming program. About 25% 
worm their calves, primarily in the fall. 
Financial, Production and Inventory 
Records 
About 91% of the producers keep 
whole ranch financial records, but less 
than 40% maintained records for indi-
vidual enterprises. The major use of 
financial records was for income tax 
preparation (93.3 % ). Less than half the 
ranchers used financial records for mea-
suring progress over time (48.2%),evalu-
atingchanges in their operations (43.6%) 
and marketing decisions (36.6%). 
Production records can be an integral 
part of the decision process, yet only 
about 43% of the ranchers maintained 
them. Production records were used by 
about 42% oftheoperators to cull cows, 
37% for measuring production goals, 
and 31 % for choosing replacement heif-
ers. Production records were used by less 
than 20% of the ranchers for culling or 
replacing bulls. 
Inventory records can be helpful in 
tracking breeding programs, knowing 
how much feed is fed, obtaining credit 
and in developing accrual adjusted in-
come statements. About 60% of the 
operators maintain livestock inventory 
records. Less than half of the ranchers 
maintain machinery and feed invento-
ries records. 
IRichard Clark, AssociateProfessor and Sean 
Coady, research coordinator, West Central 














were used in growing andfinishing sys-
tems using forage grazing systems and 
supplementation during grazing. A low 
input wintering system of cornstalk graz-
ing and ammoniated wheat straw with 
an escape protein supplement provided 
the cattle with energy and metabolizable 
protein to meet a limited amoWlt of 
growth. Grazing systems included: (1) 
smoothbrome grazing, (2) smoothbrome 
grazing with supplementation, (3) smooth 
brome grazing then grazing warm sea-
son pastures, (4) brome grazing with 
grazing ofbrome grass and turnips dur-
ing the fall months to extend the grazing 
season. Cattle in the brome system with 
(Continued on next page) 
fall grazing gained the most while graz-
ing forages. incurred the least cost for 
finishing. and had the lowest breakeven 
prices. The system with brome and warm 
season grass had lower breakeven prices 
than brome systems with or without 
supplementation. Supplementation was 
not economical compared to the non-
supplemented systems. 
Introduction 
One key to the success of a grazing 
system is the ability for cattle to gain 
rapidly during times of summer forage 
grazing. Weight gains during grazing 
enable cattle to obtain most of their 
skeletal growth while on pastures thus 
keeping finishing time and costs at a 
minimum. Compensatory growth fol-
lowing a low input, low growth winter 
system allows good gains during sum-
mer months. 
Cattle exhibiting compensatory 
growth may have a higher protein re-
quirement than those of the same weight 
with normal growth. Protein in smooth 
brome is mostly degraded in the rumen. 
Therefore escape protein, which is 
undegradable in the rumen and passes to 
be digested in the small intestine, might 
be of most benefit in a supplement dur-
ing the first two months of grazing. 
Table 1. Composition and cost of winter and 
spring protein supplements 
Supplement 
Ingredient Winter • Spring 
... lb dry matter ... 
Soybean meal b .502 
Treated soybean meal .54 
Feather meal .350 .279 
Blood meal .088 
Molasses .025 .033 
Salt .018 .04 
Dicalcium phosphate .055 
Amount fed daily, Ib 
Degradable protein .66 .08 
Escape protein .35 . 35 
Total, DM/day 1.049 .892 
Cost of supplement $/Ibc .113 .108 
'Contains: trace minerals .007; vitamins .0014, 
and Selenium .0023 (lb/hd/day). 
bSoybean meal treated with sulfite liquor and 
controlled non-enzymatic browning. 
clncludes processing and bagging. 
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Figure 1. Growing-finishing systems time schedule. 
The dry matter digestibility of smooth 
brome as well as other cool-season 
grasses declines during July and August. 
Therefore, either grazing of an alterna-
tive forage or perhaps supplementation 
during that time can continue to provide 
cattle with nutrients to maintain a high 
level of summer growth. Warm-season 
grasses are an ideal complementary for-
age with smooth brome since they pro-
vide the most quality and quantity through 
July and August. Supplementation of a 
low-cost energy source while grazing 
brome during this time should ensure 
cattle performance and perhaps enable 
stocking rates to be increased due to the 
reduced consumption of grass . 
Another way to increase total grazing 
gain is to allow the cattle to remain on 
grass or an alternative forage for an 
extended period in the fall. Approxi-
mately 20% of the total growth brome 
grass will make in one growing season, 
will be in the fall. Turnips make an 
excellent alternative crop to be grazed . 
Planting can be done in the summer 
following a small grain harvest. 
Objectives of this research were to 
improve the gains of cattle undergoing 
compensatory growth in three summer 
- 26 -
forage grazing systems with use of 
supplementation, brome and warm sea-
son grasses, and fall grazing. 
Procedure 
One hundred sixty medium-frame, 
British-breed heifers (458 Ib) grazed 
irrigated and dryland cornstalks from 
November 30, 1990 to March 4, 1991 
(95 days). Heifers were fed a protein 
supplement daily (Table 1) formulated 
to provide .66 lb of rumen degradable 
protein and .35 Ib of escape protein per 
head per day. The supplement provided 
degradable protein above the .44 Ib/day 
requirement for maintenance and met 
the requirement for escape protein as 
determined by prior research (1988 Ne-
braskaBeefReport,pp. 31-33). Ammo-
niated wheat straw was fed from March 
5 to May 2,1991 (59 days). The protein 
supplementation was continued during 
straw feeding. All heifers were spayed 
during the wheat straw phase. 
Cattle were blocked by winter gain 
and weight on May 2 and randomized 
within block to the summer grazing sys-
tems and supplementation treatments 
(Figure 1). Grazing systems included: 
grazing only brome until September 3 
(brome), brome grazing until June 17 
then grazing warm-season grass until 
September 3 (brome+warm season), 
grazing brome until October 9 thengraz-
ing turnips until November 25 (fall graz-
ing). Cattle in the brome andfall grazing 
systems were assigned to one of four 
supplement treatments: (1) control, no 
supplement, (2) protein (Table 1), es-
cape protein fed May 3 to June 27, (3) 
energy, 6 pounds of soyhulls fed daily 
per head from June 28 to September 3, 
(4) protein+energy, both supplements 
were fed during respective times. One 
half of the brome+warm season cattle 
recei ved protein while they grazed brome 
grass. 
Heifers in the fall grazing system 
grazed brome until October 9 then grazed 
turnips until November 25. These cattle 
were pastured and supplemented with 
the continuous brome system during the 
spring and summer period with supple-
mentation ending September 3. They 
were provided the most desirable pas-
ture available at that time of all the 
brome pastures used for this experiment. 
Turnips were seeded in a field following 
an oats crop harvested in early July. Seed 
was broadcast following one tillage of 
the stubble. 
Heifers in the continuous brome and 
brome+warm season systems were fm-
ished in the feedlot for 121 days. The 
cattle in the fall grazing system had a 
108-day finishing period. All heifers 
were adjusted to the final finishing diet 
in 21 days using four adaptation diets 
containing 45, 35, 25, and 15% (DM 
Basis) roughage (com silage and alfalfa 
hay mixture) fed 3, 4, 7, and 7 days, 
respectively. The final diet contained 
7.5% roughage and was formulated for 
12% crude protein, .7% calcium, .35% 
phosphorus, .7% potassium, 25 g!ton 
Rumensin, and 10 g!ton Tylan (DM 
basis). 
Table 2. Performance affected by supplement, brome, and fall systems 
Item 
May 3 weight, Ib 





Finishing, brome system' 
Daily gaind 
Feed intake, Ib/dal 
Feed/gaing 
Finishing, fall system h 
Daily gain 
Feed intake. Ib/day d 
Feed/gaing 








aMay 3 - June 27. 
hprotein effect (p<.05). 
c 
iune 28 - September 3. 
Energy effect (P<.05). 
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Protein Energy energy 
512 509 511 
1.93 1.53 1.81 
.57 1.49 1.35 
1.48 1.27 .96 
2.99 2.67 2.69 
23.6 22.1 22.0 
7.89 8.23 8.16 
2.98 2.76 3.23 
23.6 23.1 23.0 
7.94 8.41 7.12 
.36 .46 .42 
100 95.2 88.2 
2.3 2.5 2.7 
.38 .43 .40 
87.5 100 92.9 
2.3 2.4 2.3 
September 4 - January 2. 
~Feed/gain was analyzed as gainlfeed. Reported feed/gain is the reciprocal of gain/feed. 
November 26 - March 12. 
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All heifers were implanted with Com-
pudose before the grazing period and 
were implanted again at the beginning of 
the finishing phase. Initial and final 
weights for all phases of production 
(cornstalks, straw feeding, spring graz-
ing, summer grazing, and fall grazing) 
were the average of weights taken on 
two consecutive days after three days of 
feeding a 50% com silage and 50% 
alfalfa hay (DM basis) diet that was limit 
fedat2%(DM)ofbodyweight. This was 
fed to reduce weight variation due to 
gastrointestinal fill. Final weights for the 
finishing phase were calculated from the 
carcass weight assuming a 62% dressing 
percentage. Carcass measurements in-
cluded hot carcass weight, liver abscess 
score, fat thickness, quality grade, and 
yield grade. 
Economic analysis was computed for 
each system including costs of all inputs. 
Breakeven prices were used to evaluate 
the overall success of each system. Ad-
justments were made to the brome sys-
tems where soyhulls were fed. The 
amount of energy provided by the 
soyhulls relative to the cattle gains was 
used to determine the reduction in smooth 
brome intake and this was accounted for 
by a reduction in grazing costs. 
Results 
Winter Period 
While grazing cornstalks, heifers 
gained .28 lb/day. This was lower than 
anticipated due to colder than average 
temperatures. Heifers gained .44 lb/day 
during the wheat straw feeding period. 
Average consumption of the ammoni-
ated straw was 10 lb ofDM/day. 
Summer Period, Brome System 
Cattle in the brome system, supple-
mented with escape protein during the 
months of May and June, had higher 
(P<.05) daily gains (.25 lb) (Table 2) 
than those not supplemented. Heifers 
receiving protein supplementation dur-
ing May and June gained .15Ib/day less 
(Continued on next page) 
Table 3. Economics of supplementation while grazing brome 
Supplement 
Protein + 
Item Control Protein Energy energy 
Feeder heifer costa, S 448.84 448.84 448.84 448.84 
Interestb 61.74 61.72 61.54 61.53 
Healthc 25.00 25.00 25.00 25.00 
Winter costs, S 
Feedd 38.60 38.60 38.60 38.60 
Supplemente 20.39 20.39 20.39 20.39 
Summer costs, S 
Grazinl 37.20 37.20 33.80 33.80 
Supplemente 0 6.07 19.46 25.53 
Supplement de/ivery8 0 2.80 3.40 6.20 
Finishing costs, S 
Yardageh 30.25 30.25 30.25 30.25 
Feedi 143.99 142.78 133.71 133.10 
Total costs, S 806.01 813.65 814.99 823.24 
Live welghtl, Ib 1016 1037 1022 1010 
Slaughter breakeven, 
$/100 Ib 79.33 78.46 79.74 81.51 
a458lb ave. wt. @ $981100 lb. 
b12% interest rate for calf purchase price and 1/2 of finishing feed. 
cHealth costs, implants, fly tags, death loss, etc. 
dStaik grazing = 95 days@ $. 12/day; wheat straw = 59 days@ $.20/day; yardage =154 days@$.l0/day. 
cSee Table 1. 
fBrome pasture = $.30/daylhd. Energy supplemented canle adjusted for less intake due to supplementation. 
8Delivery of supplement = $.05/daylhd. 
~$.25/day. 
~Average ration cost = $.05/1b. 
lCalculated from carcass weight adjusted to a 62% dress. 
Table 4. Economics of faIl grazing system 
Summer supplement 
Protein + 
Item Control Protein Energy energy 
Feed er heifera cost, S 448.84 448.84 448.84 448.84 
Interestb 71.50 71.47 71.42 71.41 
Healthc 25.00 25.00 25.00 25.00 
Winter costs, S 
Feedd 38.60 38.60 38.60 38.60 
Supplemente 20.39 20.39 20.39 20.39 
Summer costs, S 
Grazinl 37.20 37.20 33.80 33.80 
SupplementC 0 6.07 19.46 25.53 
Supplement de/ivery8 0 2.80 3.40 6.20 
Fall grazing, Sh 24.90 24.90 24.90 24.90 
Finishing cQSts, S 
Yardilgel 27.00 27.00 27.00 27.00 
Fee~ 129.06 127.44 124.74 124.20 
Total costs, S 822.49 829.71 837.55 845.87 
Live welghtk 1103 1074 1096 1153 
Slaughter, breakeven 
$1100 Ib 74.57 77.25 76.42 73.36 
a4581b ave wt. @ $981100 lb. 
b12% interest rate for calf purchase price and 1/2 of finishing feed. 
cHealth costs, implants, fly tags, death loss, etc. 
dStaik grazing = 95 days@ $. 12/day; wheat straw = 59 days@ $.20/day; yardage = 154 days@ $.l0/day. 
cSee Table 1. 
fBrome pasture = $.30/daylhd. Energy supplemented canle adjusted for less intake due to supplementation. 
8Delivery of supplement = $.05/daylhd. 
~Fall grazing = 83 days @ $.30/daylhd. 
~$.25/day. 
1 Average ration cost = $.05/1b. 
kCalculated from carcass weight adjusted to a 62% dress. 
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or a total of 10 lb less during July and 
August than those that did not receive 
protein. Protein supplementation did not 
affect performance during the fmishing 
period. 
Energy supplementation during July 
and August doubled (p<.05) daily gains 
compared to heifers not receiving energy. 
The energy supplementation affected 
the finishing performance of cattle in the 
feedlot Heifers receiving energy supple-
mentation gained less (p<.05) and con-
sumed numerically less feed during 
fmishing. In addition, heifers fed soy-
hulls had more outside fat (p<.05) at 
slaughter. 
Due to the increased weight of the 
energy supplemented cattle at the start of 
fmishing and the subsequent carcass 
composition, those cattle could possibly 
have been marketed sooner than cattle in 
the other summer treatments. The 
protein+energy treatment resulted in the 
highest breakeven price (Table 3). 
Fall Grazing System Effects 
Summer energy supplementation 
numerically reduced the gains of the 
cattle grazing from September to No-
vember but the decrease was not statis-
tically different (Table 2). There was no 
significant effect upon finishing perfor-
mance; the protein+energy supplemented 
cattle had the most efficient gains, had 
the heaviest carcasses and lowest 
breakeven prices (Table 4) even though 
they had the highest total costs. 
Fall grazing can add more weight 
economically to cattle. The fall grazing 
control breakeven price was substan-
tially lower than the brome system 
breakeven (Table 7). This is especially 
beneficial for heifers or medium-frame 
steers where the risk of price penalties 
foroverweightcarcasses is nota problem. 
Summer Period Effects o/the Brome 
+Warm Season System 
Protein supplementation during brome 
grazing in the brome+warm season sys-
tem did not affect the whole system and 
Table S. Performance of brome-warm season 
system 
Spring supplement 
Item Control Protein 
May 3 weight, Ib 521 506 
Daily gain; Ib 
1.54 1.76 Brome 
Warm season b 1.41 1.32 
Total grazing 1.46 1.48 
Finishing" 
Daily gain 3.01 2.95 
Feed intake, Ib/day 23.0 22.9 
Feed/gaind 7.63 7.77 
Carcass data 
Fat, inches .42 .39 
% choice 100 87.5 
Yield grade 2.8 2.5 
aMay 3 - June 17. 
bJune 18 - September 3. 
cSeptember 4 - January 2. 
dFeed/gain was analyzed as gainlfeed. Reported 
feed/gain is reciprocal of gainlfeed. 
Table 6. Economics of brome+warm season 
system 
Spring supplement 
Item Control Protein 
Feeder heifera cost, $ 448.84 448.84 
Interestb 61.65 61.63 
Healthc 25.00 25.00 
Winter costs, $ 
Feedd 38.60 38.60 
SupplementC 20.39 20.39 
Summer costs, $ 
Grazinl 37.20 37.20 
SupplementC 0 6.07 
Supplement delivery8 0 2.30 
Finishing costs, $ 
Yardilgeh 30.25 30.25 
Feed' 139.15 138.47 
Total costs, $ 801.08 808.75 
Livew~,lb 1066 1047 
Slaughter breakeven, 
$/100 Ib 75.15 77.24 
a458 Ib ave. wt. @ $98/100 lb. 
b12% interest rate for calf purchase price and 1/2 
of finishing feed. 
cHealth costs, implants, fly tags, death loss, etc. 
dStalk grazing = 95 days@ $.12/day; wheat straw 
=59 days@ $.20/day; yardage = 154 days@ $.10/ 
day. 
cSee Table 1. 
f 
Brome pasture = $.30/day/hd. Energy supple-
mented cattle adjusted for less intake due to sup-
plementation. 
~Delivery of supplement ='$.05/day/hd . 
. $.25/day. 
~Average ration cost = $.05/lb. 
JCalculated from carcass weight adjusted to a 62% 
dress. 
tended to reduce cattle gains while graz-
ing the warm season grasses (Table 5). 
Total summer gains were similar for the 
brome+warm season system (1.47 lb/ 
day) and the energy supplemented brome 
system (1.51Ib/day) cattle. During fm-
ishing, the cattle in the brome+warm 
season system had similar gains and 
betterfeed efficiency resulting in heavier 
carcass weights compared to the brome 
system (Table 2). The combination of 
heavier weights and a lack of extra sum-
mer supplementation cost in the 
brome+warm season system provided 
the lower, more desirable breakevens of 
the two systems (Table 6). 
Conclusions 
The correct cattle type must be used 
within this type of system. Cattle that are 
large framed may not be acceptable for 
this system due to carcass weights that 
could exceed the current industry limit 
The three primary methods ofincreasing 
pasture gains are summarized in Table 7 
and compared to the brome control. 
They include energy supplementation, 
warm-season grass and fall grazing. 
The most influential factor in lower-
ing breakeven prices is the amount of 
forage gain relative to the amount of 
feedlot gain. The systems with greater 
forage gains required less feedlot gain 
and potentially less time and expense 
during the finishing phase. The brome 
Table 7. System gains and cost summary 
Brome 
Item control 
Total grazing period gain, lb 143 
Finishing gain, Ib 357 
Total costs, $ 806.01 
Final weight, lb 1026 
Slaughter breakeven, $/100 lbb 79.16 
+warm season system provides the most 
opportunity for a complete forage sys-
tem with no supplementation. These two 
forages complement each other with 
respect to their seasonal growth. The 
warm season grasses are the mostadvan-
tageous during the summer months of 
hot and dry weather. 
The upcoming release of Conserva-
tion Reserve Program acres that were 
seeded to warm-season grasses offers 
much potential to beef producers willing 
to take advantage of such forage sys-
tems. In a brome system, supplementa-
tion of a low-cost, energy feed during the 
summer slump of brome can improve 
cattle growth and potentially enable an 
increased stocking rate or at least one 
that will not require the removal of cattle 
during that time period due to the re-
duced consumption of forage by the 
cattle. However this is not economical if 
other systems are available. Supplemen-
tation, especially on a daily basis is 
difficult and costly. 
To the farmer/cattleman with avail-
able acres in the fall months, turnips and 
a fall grazing program provide opportu-
nity to take advantage of those acres at 
low input expenses. 
'Brent Vieselrneyer, graduate student, Terry 
Klopfenstein, Professor, Rick Stock, Associate 
Professor,Roger Huffman, technician, Mike Sindt, 
former technician, Animal Science, Lincoln. 
System • 
Brome+ Brome + Fall, 
warm season energy control 
181 187 256 
364 324 325 
801.08 814.99 822.49 
1057 1016 1106 
76.00 79.52 75.49 
a Analyzed including performance of canle fed protein supplement but with no cost of protein 
supplementation included as protein did not affect performance. 
bMeans different (p<.07): brome control vs brorne+warm season, brome control vs fall grazing, 
brome+warm season vs brome+energy, fall grazing vs brome+energy. 
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Switch grass Escape Protein as Influenced 






Resistance of switchgrass bundle 
sheath cells to ruminal degradation and 
soluble protein loss was followed in situ 
over a 36-hour incubation period. An 
enzymic protein, RuBPCase, locatedonly 
in the bundle sheath cells of warm-
season grasses, was localized with a 
specific antibody and then exposed to a 
secondary antibody tagged with afluo-
rescent compound. Thefluorescent com-
pound emits a signal when exposed to 
ultraviolet light thereby marking the 
presence and location of RuBPCase. 
Use of this technique has allowed dem-
onstration of an apparent protection of a 
portion of the soluble plant protein in the 
bundle sheath cells through at least 24 
hours of incubation. This protection may 
be responsible for an inherent escape 
protein component of this warm-season 
forage grass. 
Introduction 
Forages may be subjected to various 
processing procedures which can affect 
the magnitude of protein degradation in 
the rumen. However, little is known 
about the possible role that degradation-
resistant plant structures found in certain 
forage grasses may play in providing an 
inherent escape protein component. 
All forage grasses contain highly lig-
nified vascular bundles which escape 
rumen degradation and pass to the lower 
gastrointestinal tract as indigestible fi-
ber. However, warm-season grasses have 
an additional tissue, the vascular bundle 
sheath, that resists ruminal degradation. 
This sheath usually contains one or two 
layers of cells that surround the vascular 
bundle giving the characteristic C
4 
or 
'Kranz' anatomy in cross section (Kranz 
is the German word for halo or wreath; 
Figure 1). 
Figure 1. Location of bundle sheath cells 
(BSC), mesophyll (M), and vascular 
tissue(VT) in aswitchgrass leaf blade 
cross· section. 
The outer wall of the bundle sheath 
cells (BSC) is connected to the meso-
phyll cells (M, Figure 1); the mesophyll 
cells are rapidly degraded in the rumen. 
However, microbial attachment to the 
outer wall of the BSC has been observed 
to be considerably lower than attach-
ment to the side or inner BSC walls. 
Rumen microorganisms rapidly colo-
nize the vascular tissues (VT, Figure 1) 
near cut or masticated ends of the fibers 
and can enter the BSC from the inner 
wall, but this probably involves a lag 
time period, especially for BSC that are 
attached near midpoints of the vascular 
fibers. 
Bundle sheath degradation dynamics 
are of interest relative to escape protein 
in warm-season grasses because the BSC 
contain far more chloroplasts, mitochon-
dria, and other organelles containing 
enzymic proteins than the more loosely 
arranged surrounding mesophyll cells. 
Also, because there is a physical division 
of photosynthetic reactions between 
the BSC (C)-pathway) and the meso-
phyll (C
4
-pathway) of warm-season 
grass leaves, one of these enzymes, 
ribulose 1,5-bisphosphate carboxylase 
(RuBPCase), is located only in the BSC. 
The objective of this research has 
been to follow loss of soluble protein 
from switchgrass BSC during ruminal 
degradation by taking advantage of 
the compartmentalization ofRuBPCase 
in the BSC and using RuBPCase as a 
'marker'. This has been possible through 
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an immunocytochemical technique 
termed immunofluorescent localization. 
We hypothesized that a portion of the 
soluble protein contained in the diges-
tion-resistant BSC of switchgrass may 
be protected from ruminal degradation 
before passage to the lower gastrointes-
tinal trac t. 
Procedure 
RuBPCase was extracted and puri-
fied from 14-day old tobacco leaves. 
Rabbit anti-RuBPCase immunoglobu-
lin G (lgG) was raised against the puri-
fied RuBPCase at the Monoclonal Lab, 
Department of Veterinary Science, UNL. 
Switchgrass plants were established from 
dormant, field-grown tillers and main-
tained in the greenhouse. All tillers were 
clipped to 10 cm and allowed to regrow 
for two weeks. Mid-sections (length=O.5 
cm) from the uppermost fully expanded 
leafblades were confined to dacron bags 
(5 x 12.5 cm; 53 J.UIl mesh) and incubated 
inruminally-fistulatedcattlefor4,8,12, 
16, 24, and 36 hours; an undegraded 
control (0 h) leaf was processedimmedi-
ately as described below for the de-
graded tissues. 
After each incubation period,a sample 
of the un degraded portions of the leaf 
pieces was dissected to give sections 
2-mm wide x 2.5-mm long and then 
fixed in a tissue preservative. Following 
fixation, all tissues were dehydrated then 
embedded in a plastic resin. Cross-sec-
tions 2-J.UIl thick were mounted onto 
glass microscope slides. For immun-
ofluorescent localization, cross-sections 
were incubated in rabbit serum contain· 
ing the anti-RuBPCase IgG or norma' 
rabbit serum (control). During this incu 
bation, the antibodies in the anti 
RuBPCase serum bound to their antiger, 
the RuBPCase. The sections were the 
incubated in a goat anti-rabbit IgG tagge 
with a fluorescent compound. This se< 
ondary antibody bound to the rabbit anti 
RuBPCase:RuBPCasecomplex thereby 
marking the presence and location of the 
RuBPCase. The sections were exposed 
to ultraviolet light, observed and photo-
graphed with a Nikon 'Optiphot' epi-
fluorescence photomicroscopy system. 
Fluorescent signals occurred wherever 
the fluorescent compound was local-
ized. 
Results 
Control leaf sections, incubated in 
IgG from normal rabbit serum rather 
than the anti-RuBPCase antiserum, dis-
played neither specific fluorescence nor 
marked autofluorescence (Figure 2A). 
The localization patterns observed for 
RuBPCase in undegraded switch grass 
leaves exposed to the antiserum were as 




The immature switchgrass tissues 
remained intact throughout the 8-hour 
incubation period and RuBPCase was 
clearly present in the BSC. However, 
although extensive degradation of the 
mesophyll had occurred by 12 hours, the 
BSC remained intact and the RuBPCase 
signal remarkably strong (Figure 2C). 
Similarly, after 16 hours, the BSC con-
tinued to show little indication of dete-
rioration or loss of RuBPCase (Figure 
2D). By 24 hours, the BSC began to 
show considerable evidence of disrup-
tion although the RuBPCase signals were 
still detectable (Figure 2E). After 36 
hours of incubation, most of the vascular 
tissue examined retained only minor 
fragments of the BSC and associated 
soluble protein. 
By using RuBPCase as a marker, this 
preliminary study has confirmed that 
switchgrass BSC present in leaf blades 
less than two weeks old, resist degrada-
tion and appear to protect a portion of the 
soluble leaf protein through at least 24 
hours of in situ rumen degradation. This 
protection may be responsible for an 
inherent escape protein component of 
this forage species. These results have 
helped establish the basis for design of 
field-level investigations of this phe-
nomenon with additional forage species, 
as well as varying plant maturity stages 
and sampling points in the ruminant 
gastrointestinal tract. 
I Mary Miller. post·doctoral research asso· 
ciate. Lowell Moser. Steve Waller. Professors. 
Agronomy. Lincoln. Terry Klopfenstein. Profes· 





Figure 2. RuBPCase localization In switchgrass leaf blades before and during in situ degradation. 
Limited autofluorescence (arrows) but no specific fluorescence appeared in control leaf 
sections treated with IgG from normal rabbit serum (A). Characteristic signal (arrow) 
from RuBPCase localized in BSC ofundegraded switchgrass leaf blade treated with anti· 
RuBPCase IgG (B). RuBPCase loss at 12 (C), 16 (D), and 24 h (E) of rumina I degradation. 
x2000 (Figs. A,B,D); x560 (C,E). 
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Blood Meal, Meat and Bone Meal and Feather 





Trials were conducted with growing 
calves to determine response to feeding 
three way combinations of blood meal, 
meat and bone meal and feather meal. 
Additions of 20% blood meal to two 
different ratios of meat and bone meal 
andfeather meal increased gain over the 
protein sourcesfed alone. While 100% 
blood meal as the natural protein in the 
supplement resulted in the greatest gain, 
use of the bypass protein in three-way 
combinations including 20% blood meal 
was equal to that of blood meal alone. 
We believe this is due to the small amount 
of blood meal supplying limiting amino 
acids in sufficient quantity to greatly 
increase the efficiency of feather meal 
and meat and bone meal bypass protein. 
Introduction 
To optimize production growing 
calves need additional supplementation 
in the fonn of bypass protein. Blood 
meal (BM),meatandbonemeal(MBM) 
and feather meal (FIH) are by products 
of the animal industry readily available 
to producers and contain substantial 
amounts of bypass protein. Past studies 
with growing ruminants indicate that 
B M provides the most favorable produc-
tion response relative to the other by-
product protein sources, while MBM 
and FI'H cost approximately 40% less 
per pound than BM. The lower perfor-
mance response associated with MBM 
and FfH relative to BM has been attrib-
uted to the inability of the MBM and 
FfH amino acid make-ups to meet the 
specific needs of the growing calf. 
In previous research at the University 
of Nebraska, adding MBM to FI'H de-
creased gain as the percentage of MBM 
in the supplement increased. Adding 
BM in increasing amounts to either MBM 
or FfH elevated ADG proportionally as 
expected. However, only a small amount 










1.23 (2/3 MBH, 1/3 FfH, 20% BM)ab 
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100 ISO 
Grams natural protein intake above urea control 
Figure 1. Protein emciency determined by regression of gain on natural protein intake for growth 
trials. Emciency values with unlike superscripts differ (P<.05). Standard errors for the 
treatment means were .28 for 100% blood meal (BM); .27 for 2/3 meat and bone meal 
(MBM), 1/3 feather meal (FfH); .35 for 2/3 meat and bone meal, 1/3 feather meal, 10% 
blood meal; .14 for 2/3 meat and bone meal, 1/3 feather meal, 20% blood meal; .30 for 1/ 
3 meat and bone meal, 2/3 feather meal; .23 for 113 meat and bone meal, 213 feather meal, 
10% blood meal; .20 for 1/3 meat and bone meal, 2/3 feather meal, 20% blood meal. 
ofBM added to FfHresulted in substan-
tial gains in production over the expec-
tations. It is theorized that the associa-
tive effect resulted from lysine in BM 
complementing the high sulfur amino 
Table 1. Supplement composition 
acid content of FfH. Although MBM 
possesses a lower percentage of bypass 
protein than BM or FfH, the bone frac-
tion of MBM yields calcium and phos-
phorus which are lacking in BM and 
Contents, % of DM 
2/3 meat and bone, 
1/3 featherb 
1/3 meat and bone, 
100% bloodd Ingredients Urea a 2/3 featherc 
Finely ground com 64.1 26.9 33.2 39.5 
Urea 19.5 10.1 10.4 10.6 
Blood meal 34.1 
Feather meal 11.2 22.9 
Meat and bone meal 42% CP 19.3 9.5 
Meat and bone meal 52% CP 23.7 11.7 
Dicalcium phosphate 8.4 2.5 5.0 7.6 
Limestone 2.2 0.9 1.8 2.7 
Salt 2.8 2.8 2.8 2.8 
Ammonium sulfate 2.2 1.8 1.9 1.9 
Trace minerals 0.5 0.5 0.5 0.5 
Selenium premix 0.2 0.2 0.2 0.2 
Vitamins 0.1 0.1 0.1 0.1 
"Mixed with other treatments to provide 25%, 33%,41 %, or 49% CP from the bypass protein sources. 
b2/3 of the supplemental natural protein from meat and bone meal, 1/3 from feather meal. 
cl/3 of the supplemental natural protein from meat and bone meal, 2/3 from feather meal. 
d100% of the supplemental natural protein from blood meal. Added to the meat and bone meal, feather 








contained urea, the combined bypass 
protein sources, minemls and vitamins 
in a finely ground corn carrier (Table 1). 
................. ~ ............................................................................... . 
2{3 MBM, 1/3 FTH 
Weight data were collected before 
feeding on three consecutive days at the 
beginning and end of the trials. Both 
trials consisted of 103 days. Calves were 
individually fed daily using Calan gates. 
All calves received the same DM as a 
percent of body weight which was ad-
justed to compensate for growth, greater 
consumption due to cold weather and to 
keep intake as close to ad libitum as 
possible. To ensure that all of the supple-
ment would be consumed, orts were 
minimized. 
o.s .......... ~....... .. ................................. ; ............................................................................................................ .. 
o 10 20 30 40 50 60 70 so 90 100 
Percent blood meal in the supplement 
Figure 2. Response to protein Intake from blood meal. Protein efficiency for each treatment (Figure 
I), versus the percentage of supplemental natural protein originating from blood meal. 
Results 
FIB. Therefore, MBM supplies macro-
minerals necessary for long bone growth 
and development in the calf, as well as 
being a competitively priced source of 
bypass protein. 
The objecti ves of this research were: 
1) to determine if the feed value ofMB M 
could be enhanced through additions of 
FfH and BM; 2) to ascertain if the 
performance potential ofMBM is equal 
to that of FTH when each make up the 
largest percentage of the supplement 
and are fed in three way combinations 
with BM; and 3) to determine the mini-
mum amount ofBM addition required to 
substantially increase calf growth over 
feeding a MBM,FfHcombination alone. 
Procedure 
Two growth trials were conducted 
using 120 steers (60 per trial) with an 
avemge body weight of 459 Ibs (Trial 1) 
and 493 Ibs (Trial 2). The steers were 
blocked by weight and randomly as-
signed to treatment and level of treat-
ment protein, and implanted with 
Compudose on day 1. Treatments con-
sistedof: l)urea (control); 2) 100% BM; 
3)2(3 MBM, 1/3 FfH; 4)2/3 MBM, 1(3 
FfH, 10% BM; 5)2/3 MBM, 1(3 FfH, 
20% BM; 6) 1(3 MBM, 2(3 FfH; 7) 1(3 
MBM, 2/3 FTH, 10% BM and 8)1(3 
MBM, 2/3 FfH, 20% BM as the protein 
source. Fmctions indicate the amount of 
supplemental natural protein contrib-
uted by each source. The ratios of MBM 
to FfH were maintained when BM sup-
plied 10 or 20% of the natural protein. 
Supplements containing the bypass pro-
tein combinations were mixed with the 
urea control supplement to create four 
levels of natural protein within each 
treatment. The levels were 25%,33%, 
41 % and 49% of the supplemental pro-
tein originating from by-product sources, 
with the remainder supplied by non-
protein nitrogen. Therefore, regardless 
of the assigned level, all calves were con-
suming ration DM containing 11 % CPo 
Basal mtion DM consisted of 45% 
ground cobs and 45% sorghum silage. 
The remaining 10% of the DM was 
supplied by the protein supplement which 
Bypass protein efficiency 
Protein efficiency was determined 
for each byproduct combination using 
the urea treatment as a control. The 
avemge supplemental natural protein 
intake of calves consuming the urea 
control was subtracted from the supple-
mental natural protein intake of each 
calf in the remaining treatments. The 
ADG above the urea control was deter-
mined for each calf consuming a bypass 
protein source. The protein efficiency is 
measured by the units of supplemental 
natuml protein required to give each 
additional unit of gain. 
Data from both trials were combined 
(Continued on next page) 
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Figure 3. Protein efficiency of supplemental bypass protein use versus level of protein from blood 
meal. Protein efficiencies do notdiffer(P<.OS). Standard errors for treatment means were 
.33 forlOO % blood meal; .52for2/3 meat and bone meal,I13 feather meal; .63 for 2/3 meat 
and bone meal, 113 feather meal, 10% blood meal; .23 for 2/3 meat and bone meal,I/3 
feather meal, 20% blood meal; .49 for 1/3 meat and bone meal, 213 feather meal; .36 for 
113 meat and bone meal, 2/3 feather meal,IO % blood meal; .30 for 113 meat and bone meal, 
213 feather meal, 20% blood meal. 
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to provide an equal number of observa-
tions in all treatments; 3 at the 25% level 
and 4 at the 33,41 and 49% levels of 
supplemental natural protein. Urea con-
trol calves gained 1.00 lb/day, while the 
greatest ADG due to protein supplemen-
tation was 1.44lb/day for the 100% BM 
treatment. 
Blood meal promoted the greatest 
protein efficiency (1.88) and the 2/3 
MBM,1/3FrHmixturethelowestat.68 
(Figure 1). An increase in protein effi-
ciency was observed by adding 10% and 
20% BM to the 1/3 MBM, 2/3 FrH 
treatment, exhibiting a linear trend (Fig-
ure2). When2/3MBM, 1/3 FrHwas fed 
with an addition of 20% BM a substan-
tial increase in protein efficiency was 
observed. The inclusion of 20% BM 
broughtthepredominantlyMBMsupple-
ment to a level equal to it's 2/3 FrH 
counterpart. This complementary re-
sponse indicates the ratio of MBM and 
FrH can be interchanged in a three way 
combination with 20% BM without sac-
rificing performance. 
Laboratory analysis indicated pro-
tein bypass levels of 86% (BM), 43% 
(MBM) and 71 % (FTH). The greater 
growth response to BM results from a 
larger concentration of high quality pro-
tein able to escape rumen degradation. 
The efficiency of bypass protein use is 
determined by the units of bypass pro-
tein needed for each additional unit of 
gain. This analysis eliminates response 
differences due to the bypass protein 
concentrations of the supplements(Figure 
3). Both combinations of 2/3 MBM, 1/3 
FrH and 1/3 MBM,2/3 FrH reached a 
bypass protein efficiency nearly equal to 
that of 100% BM when each was fed 
with 20% BM. 
These data suggest 20% of the supple-
mental natural protein from BM en-
hances the protein efficiency of MBM, 
FrH combinations, although the protein 
efficiencies were not statistically differ-
ent. Furthermore, if the bypass fraction 
of MBM could be increased through 
improved methods of processing, the 
performance response in growing calves 
would likely be higher, when fed in 
combination with FTH and small 
amounts of BM. 
IDaniel Herold, graduate student. Terry 
Klopfenstein, Professor, Roger Huffman, research 
technician, Animal Science, Lincoln. 
Soyhulls:Lecithin: Soapstock 







Three trials were conducted to evalu-
ate the effect of a mixture of soyhulls, 
lecithin, and soapstock on ruminalfiber 
and protein digestion, and performance 
of growing beef calves. A preliminary 
mixing trial determined that 15% (DM) 
of a 4:1 ratio (DM) of lecithin to soap-
stock could be added to soyhulls and 
mixture maintain adequate mixing and 
handling characteristics. As the mixture 
ofsoyhulls:lecithin:soapstockincreased, 
in situ rate of NDF digestion decreased 
while in situ rate of protein digestion was 
not affected. 
In a growing beef calf performance 
trial, daily gain, dry matter intake, and 
feed efficiency were not affected by re-
placing corn with soyhulis:lecithin: 
soapstock. As soyhulis:lecithin:soap-
stock replaced soyhulls a linear increase 
in daily gain and feed efficiency was 
observed. These results indicate that a 
mixture of soy hulls, lecithin and 
soapstock is a viable feed ingredient for 
use in growing beef cattle diets. 
Introduction 
In the soybean processing industry, 
there are three feed byproducts that vary 
in their commercial value for different 
reasons. Soyhullsareahighfiber,highly 
digestible energy source consumed read-
ily by ruminants. However, the bulk 
density of soyhulls is low, thereby mak-
ing transportation of the material expen-
sive and difficult. Two additional 
byproducts, lecithin and soapstock, are 
both remnants of the refming of soybean 
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oil. The production of lecithin exceeds 
its commercial use as a food additive and 
therefore has limited economical value. 
Soapstock contains a high content of 
fatty acids. However, itis approximately 
50% water and expensive to transport. 
In conjunction with a commercial 
soybean processor, our objectives were: 
(1) to formulate a mixture of soyhulls, 
lecithin, and soapstock that maximizes 
the amount that can be added and still 
maintain adequate handling characteris-
tics, (2) to evaluate the effect of this 
mixture on ruminal protein and NDF 
digestion, and (3) to evaluate the effect 
of this mixture on performance of grow-
ing beef calves. 
Procedure 
To formulate a mixture of soyhulls, 
lecithin and soapstock, a preliminary 
mixing trial was conducted using a small 
100-lb ribbon mixer. Various ratios of 
lecithin to soapstock were experimen-
tally mixed with soyhulls to determine 
the optimum ratio. The ratio was deter-
mined by visual appraisal of the various 
mixtures and was optimum when all 
lecithin and soapstock would mix in 
soyhulls with no clumping of either leci-
thin or soapstock. After the optimum 
ratio oflecithin and soapstock was deter-
mined, various levels of this ratio were 
added to soyhulls to the maximum level 
in which adequate mixing and handling 
characteristics were maintained. Results 
from this preliminary mixing trial were 
that 15% (DM) of a 4: 1 ratio (DM) of 
lecithin to soapstock could be added to 
soyhulls and maintain adequate mixing 
and handling characteristics. The soy-
hulls:lecithin:soapstock mixture (SLS) 
used in subsequent trials was prepared 
using this 15% level of the 4:1 ratio of 
lecithin to soapstock added to soyhulls. 
Trial] 
Four ruminally-fistulated beef steers 
(825Ib) were used in a 4 x 4 Latin square 
design to determine the effect of SLS on 
rate of ruminal fiber and protein diges-
tion. Diets were comprised of alfalfa hay 
and sorghum silage with SLS added to 
provide 0,3,5, or 7% added fat with all 
dietscontaining40%soyhulls(DM).All 
steers were fed twice daily (0800 and 
1700hours)at2.2%(DM)ofbodyweight 
to minimize feed refusal. 
Treatment periods consisted of 10 
days for diet adaptation and 3 days for 
rate estimates. Rate estimates of fiber 
and protein digestion of soyhulls and 
SLS were determined using the in situ 
bag technique in which nylon bags con-
taining soyhulls or SLS were incubated 
in the rumen of each steer for 0, 6, 12, 16, 
24, 30, 36,48, or 72 hours. 
Trial 2 
Sixty crossbred steer calves (530 lb) 
were used in a completely randomized 
design to determine the effect of SLS on 
daily gain, feed intake and feed effi-
ciency. Twelve treatment diets were for-
mulated using a basal diet of alfalfa hay 
(25%) and sorghum silage (35%) with 
the remaining 40% comprised of graded 
levels of SLS, soyhulls, or com (DM). 
Within treatments, three comparisons 
were made: (1) SLS replacing com at 0, 
25, 50, 75 or 100%, (2) SLS replacing 
soyhullsand, (3) soyhulls replacing com 
at these same levels. In comparisons 
including SLS, diets contained 0, l.25, 
2.5,3.75, or 5% added fat derived from 
the lecithin and soapstock. Steers were 
individually fed, ad libitum, once daily 
for 84 days, using Calan gates. Steers 
were weighed every 28 days with 3-day 
consecutive weights used as starting and 
ending trial weights. 
Results 
The use of SLS in these trials did not 
affect palatability of treatment diets. All 
animals readily consumed their treat-
ment diets indicating that addition of 
lecithin or soapstock to soyhulls did not 
influence palatability. 
Table 1. In situ rate of NDF and crude protein 
digestion in steers fed various levels of 
soy hulls: lecithln:soapstock 
Percent added fat" 
Item 0 3 5 7 
Crude protein, 
%!hour 11.7 9.7 9.7 11.7 
NDF, %!hourb 12.3 11.7 9.9 7.7 
" Added fat derived from lecithin and soapstock. 
b Linear, P<.Ol. 
Trial] 
No interaction between soy hulls and 
SLS was observed for in situ rate of 
protein or NDF digestion, therefore val-
ues were pooled (Table 1). The addition 
of SLS had no affect on rate of protein 
digestion (P> .10). However, a linear 
decrease (p < .01) in NDF digestion was 
observed. As SLS was added to the diet, 
NDF digestion declined. This depres-
sion in fiber digestion is possibly due to 
an inhibitory effect of added fat affect-
ing cellulolytic microbes and thereby 
reducing fiber digestion. 
Trial 2 
The use of SLS as a replacement for 
com (Table 2) had no affect (p > .10) on 
dry matter intake, daily gain, or feed 
efficiency, indicating that SLS has a 
feeding value equal to that of com. As 
SLS replaced soyhulls, a linear increase 
in daily gain (P < .05) and feed efficiency 
(P < .01) was observed. This increase is 
possibly due to an increase in energy 
intake originating from the addition of 
lecithin and soapstock to the soyhulls. 
There was no difference in dry matter 
intake (P > .10) as SLS replaced soyhulls. 
As soyhulls replaced com, a linear de-
crease in daily gain (P < .05) was ob-
served and feed efficiency tended (P = 
.12) to decrease, indicating that the feed-
ing value of soyhulls is less than that of 
com. Dry matter intake was not affected 
(P > .10) by replacement of com with 
soyhulls. 
Results from these trials indicate that 
a mixture of soyhulls, lecithin and 
soapstock maintains adequate mixing 
and handling characteristics and is a 
viable feed ingredient for use in growing 
beef cattle diets. 
IDrew Shain, Mike Sindt, research tech-
nicians, Rick Grant, Assistant Professor, Terry 
Klopfenstein, Professor, Rick Stock, Associate 
Professor, Animal Science, Lincoln. 
Table 2. Daily gain, dry matter intake, and feed efficiency for steers fed graded levels of soyhulls: 
lecithln:soapstock, soyhulls, or com 
Percent replacement 




intake, lb/day 20.7 18.8 18.4 
Daily gain, Ib 2.22 1.88 2.12 
Feed/gain" 9.34 10.14 8.70 
Percent soyhulls:leclthin:soapstock 
replacing soy hulls 
Dry matter 
intake, lb/day 19.8 18.6 19.6 
Daily gain, lbb 2.04 1.92 2.10 
Feed/gain ae 9.71 9.65 9.35 
Percent soy hulls replacing com 
Dry matter 
intake, lb/day 20.7 19.7 20.9 
Daily gain, lbb 2.22 2.15 2.40 
Feed/gain ad 9.34 8.91 8.69 






















Nitrate concentration in hail-dam-
aged crops isfrequently questioned when 
early harvest, often as silage, is contem-
plated. Whole and partial plant samples 
were taken over a 22-day period follow-
ing a hailstorm that reduced yields ap-
proximately 50%. A slight increase in 
nitrate concentration wasfound approxi-
mately 7 to 9 days after the storm with 
little change the rest of the 22-day pe-
riod. Changes from the initial sampling 
to the final sampling were not statisti-
cally significant in any sections (P> .05). 
Nitrate accumulation as measured fol-
lowing the storm was minor or nonexist-
ent.A number offactors, including stage 
of maturity, weather variability, and 
other differences encountered year to 
year may result in other findings than 
those presented. Datafrom whole plants 
showed nitrate concentrations consid-
erably below potentially toxic levels on 
each day sampled and would not be 
expected to cause signsofnitrate toxicity. 
Introduction 
Forages containing 1.5% potassium 
nitrate (KNO 3) or more are considered to 
be potentially toxic, capable of causing 
death in ruminants. Lower levels have 
been implicated in other losses, includ-
ing abortions and births of weak calves. 
However, precise recommendations have 
not been determined for nitrate values 
other than toxic concentrations. 
Sections of cornstalks close to the 
ground are known to contain higher 
levels of nitrate than upper portions or 
leaves. Thus, level of cutting can affect 
the amount of nitrate in harvested for-
age. Reduced nitrate levels are generally 
found in forages fed as silage. Timing of 
harvest following crop damage due to 
hail is a question presented frequently. 
This study presents nitrate concentra-
tion data following a severe hailstorm 
which resulted in a grain yield of 60.5 
bushels per acre, nearly a 50% reduction 
compared to the six-year average yield 
of 119.5 bushels per acre. These com 
plots have been planted in com continu-
ously since 1912. 
Procedure 
A hailstorm, which occurred on Au-
gust4,1987,damaged the com research 
plots at the Panhandle Research and 
Extension Center, Scottsbluff. The plots 
were part of a nitrogen fertilization study 
with a single com hybrid. The plots were 
adequately irrigated throughout the 
growing season using gravity irrigation 
with canal origin water. Plots had been 
fertilized with 0, 40, 80, 120 and 160 
pounds of nitrogen per acre, respec-
tively, in addition to manure application 
at 12 tons per acre. 
To sample each plot, three consecu-
tive stalks in each plot were cut three 
inches above the ground. Two 6-inch 
Upper 6" Sample 
Lower 6" Sample 
Ground Level _ ........ 3 ........ U,.ncu .. t portion 
Figure 1. Plant sections used for sampling. 
sections were then taken from the lower 
end of each stalk (Figure 1). Whole 
plants were also collected for analysis by 
selecting three consecutive stalks and 
cutting three inches above the ground. 
Data were collected from fertilized 
plots and were combined due to several 
factors. The plots were small (18 ft. by 
41 ft.). Also, sampling error was poten-
tially high due to the method used and 
also the small number of stalks sampled 
per plot Uniformity of application of 
nitrogen could not be verified, espe-
cially due to manure application and 
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Figure 2. Nitrate levels following hail. 
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suring amounts of nitrogen applied as I 
manure. Data represent nitrate concen- I 
trations across all plots over time. I 
Samples were collected on days 1,7, I 
9,12,16,19,and22followingthestorm. I 
Whole plants inadvertently were not I 
sampled on day 1. Analyses were per- I 
formed at the Panhandle Veterinary Di-
agnostic Laboratory, Scottsbluff. The I 
sampled forage was oven-dried and I 
ground using a 2-mm screen. Samples I 
were analyzed in duplicate using a spe- I 
cific ion electrode technique. I 
I 
Results 
Analyses of samples collected showed 
highest concentrations of nitrates in lower 
sections of the plant (Figure 2). The 
lower 6-inch sections were higher in 
nitrate than the upper 6-inch sections. 
The lower and upper 6-inch sections 
were higher in nitrates than whole plants. 
If nitrates are a potential problem, leav-
ing lower sections of the plant unhar-
vested should decrease the nitrate con-
centration of harvested plants. 
Nitrate levels in both whole plants 
and 6-inch sections tended to stay the 
same or increase slightly at 7 to 9 days 
after the storm and then decrease through 
the remainder of the 22-day period (Fig-
ure 2). However, Llere was no statistical 
difference between values obtained ini-
tiall y and on day 22 of the trial in the two 
sections or the whole plants sampled 
(1)>.05). Time of harvest would have had 
little effect on nitrate concentration of 
harvested forage during a three-week 
period of time following the hail dam-
age. 
Whole plant data (Figure 2) are con-
siderably below the potentially toxic 
level of 1.5% potassium nitrate. Con-
sumption of this forage would not be 
expected to produce clinical signs of 
disease. Additional work is needed to 
better determine potential risk of nitrate 
toxicity in hail damaged crops. How-
ever, this trial does provide some data 
about expected outcome regarding ni-
trate concentrations. 
':'ale Grotelueschen, Associate Professor 
Veterinary Science. Kathy Nielsen, microbiologist: 
Rex Nielsen, research technologist and Connie 
Morrill, research technician, Panhandle Research 





Hormonal Response of Lambs 









Two trials were conducted to exam-
ine the effect of age and plane of nutri-
tion in lambs on response of insulin-like 
growth factor I (IGF -I) and growth hor-
mone(GH). 
In Trial I. mature wethers were re-
stricted (to maintain body weight) with 
dietsformulated to contain 75% of NEg 
or 75% of metabolizable protein re-
quirementfor seven weeks before reple-
tion on a 54% concentrate diet for four 
weeks. In Trial 2 ,young wethers were 
restricted and then repleted, each for 
five weeks. In both trials, plasma GH 
concentration was elevated primarily by 
protein restriction while serum IGF-I 
level dropped by week one with either 
restriction and continued to decrease 
until repletion. In Trial I, IGF-I re-
turned to normal within one week of 
repletion while in Trial 2 ,normal values 
were observed at week two. 
In both trials, restricted lambs gained 
faster during repletion than control 
lambs. SerumIGF-I was positively cor-
related to growth rate during restriction 
and repletion. Hormonal response to 
nutritional modulation was dependent 
on lamb age, but was relatively rapid 
regardless of which nutrients were re-
stricted. We conclude that IGF-I re-
sponds rapidly to nutrition and may 
mediate the growth response. 
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Introduction 
Insulin-like growth factor -I (IGF-n is 
a peptide hormone that mediates action 
of growth hormone(GH) in many tissues 
including long bone and skeletal muscle. 
Although IGF-I is locally produced in 
varied amounts by most tissues, quanti-
tatively, all IGF-I found in circulation 
can be accounted for by synthesis in 
liver. 
Growth hormone is the primaryregu-
lator of IGF-I production under normal 
nutriture. However, during nutrient re-
striction, GHrises while IGF-I decreases 
sharply. Serum IGF-I concentration has 
been correlated to growth rate in many 
species and the subsequent rise in IGF-I 
level during nutrient repletion has been 
postulated to mediate compensatory 
growth. 
The role and levels of IGF-I during 
normal, restricted, or maximal growth 
and nutrition in ruminants has not been 
previously examined. Objectives of these 
trials were to characterize response of 
IGF-I and GH to nutrient restriction and 
repletion in ruminants and to ascertain if 
protein or energy restriction differen-
tially affects level of IGF-I and GH. 
Procedure 
Trial I 
Seventeen mature crossbred wethers 
(approximately 15 months of age and 99 
lb mean body weight) were assigned to 
either a control group which was fed to 
meet energy and protein requirements, 
an energy-restricted group or a protein-
restricted group. Wethers were fed the 
(Continued on ne~t page) 
Table 1. Diet compositions for trials (DM basis) 
Trial 1 Trial 2 
collection and analysis ofhonnones was 
the same as described in Trial 1. 
Energy Protein Energy Protein 










Com gluten meal 
Blood meal 
Urea 
Mineral and vitamin premixes 
~O% cornstarch, 30% molasses. 





control diet ad libitum, while restriction 
diets were limit-fed for seven weeks and 
were fonnulated to contain 75% of NEg 
or 75% metabolizable protein require-
ment for the energy restricted diet and 
the protein restricted diet, respectively 
(Table I). 
Wethers were weighed weekly to 
adjust amount of feed offered to main-
tain body weight (BW) during restric-
tion. Excess metabolizable protein was 
added to the control diet to assure that 
protein requirements were met during 
repletion. During repletion, restricted 
wethers were fed the control diet ad 
libitum for four weeks. 
Blood samples were taken (viajugu-
lar catheter) one day before restriction, 
after one and seven weeks of restriction, 
and after one and four weeks of reple-
tion. Because GH is secreted in a pulsa-
tile manner, blood was collected every 
15 min for six hours into heparinized 
tubes for measurement of plasma GH 
concentration. Three additional samples 
were collected across six hours for mea-
surement of serum IGF-I concentration. 
Serum IGF-I was measured after glycyl-
glycine extraction to remove binding 
proteins. 
Trial 2 
In the second trial, 16 young wethers 
(four months of age and 63lb mean BW) 
were fed diets formulated similar to 
Trial 1 (Table 1). Restriction lasted for 5 
weeks, as did realimentation. Blood 
samples were taken one day before re-














restriction, and after one, two, and five 
weeks of repletion. Frequency of blood 
a. 
Trial 1 
Initial BW of wethers was similar, 
but within one week of restriction, the 
control wethers were 9% heavier than 
restricted ones (Figure la). Although 
restricted wethers were fed to maintain 
BW, protein restricted wethers did not 
consume their allocated feed and subse-
quently, by the seventh week of restric-
tion, had lost nearly 30 lb. The energy-
restricted wethers also had a negative 
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Figure 1. Body weight changes In wethers (Trial 1, a) and lambs (Trial 2, b) assigned to control 
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Mean plasma GH concentration in 
protein-restricted wethers was greater 
than controls and energy-restricted weth-
ers (p < .0 I) by week seven of restriction 
and did not return to control levels until 




100 Because protein -restricted wethers in 
Trial I did not consume all of the feed 
o ~~~~L~~~~~~::::I==::::~==t::::::::::J::::::::.._J offered them and subsequently lost a 




12 great deal ofBW, restriction diets were 
reformulated for Trial 2. Length of re-
striction was also shortened to minimize 
stress placed on the younger lambs used 
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Figure 2. Insulin·llke growth factor·I (IGF.I) concentration in wethers (Trial 1, a) and lambs (Trial 
2, b) assigned to control (-+-), energy restriction ( ..... ), or protein restriction (--"'-) 
treatments. 
By week seven of restriction, energy-
restricted wethers weighed 30% less 
while protein restricted wethers weighed 
nearly 50% less than control wethers (P 
< .01). The trial was stopped after four 
weeks of repletion. At this point, energy-
restricted and protein-restricted wethers 
weighed 82% and 73% as much as con-
trol wethers (P < .01). 
Serum IGF·I concentration in en-
ergy-restricted and protein-restricted 
wethers decreased to 72% (P= .02) of the 
controls by week one of restriction and 
continued to decrease until repletion 
(Figure 2a). By week one of repletion, 
IGF-I levels for energy orproteinrestric-
tions were not different than controls. 
Serum IGF-I was positively correlated 
during restriction and repletion to ADG 
(r = .62, P < .01). 
Within one week of restriction, con-
trol lambs were 9% heavier than re-
stricted ones (Figure Ib). This observa-
tion was similar to Trial I and may 
primarily be due to differences in gut fill 
between control and restricted wethers. 
Although restricted lambs were fed to 
maintainBW, both restricted groups had 
similar positive ADG during restriction 
(Table 2). 
By week five of restriction, both re-
stricted groups weighed approximately 
25% less than control lambs (P < .01). 
After five weeks of repletion, the energy 
restricted and protein restricted lambs 
were 89% and 86% of the control lambs 
BW, respectively (p < .01). 
During repletion, ADG between type 
of restriction was not different, but ADG 
of energy restricted lambs was faster (P 
< .01) and protein restricted lambs tended 
to be faster (p < .1) than control lambs 
during repletion. The compensatory re-
sponse was not as pronounced as in Trial 
1. Unlike Trial I, there was no correla-
tion between reduction in ADG during 
restriction and compensatory response 
during repletion. 
(Continued on next page) 
Table 2. Average daily gain over restriction and repletion 
During repletion, ADG of protein· 
restricted wethers was faster than en-
ergy·restrictedones (P< .01) while both 
were faster than that of control wethers 
(P < .01). Severity of restriction (weight 
loss) was inversely correlated (r = -.83, 
P<.OI)tocompensatoryresponse(ADG 
during repletion). 
ADG (Ib), Trial I ADG (ib), Trial 2 
Protein-restricted wethers underwent 
a greaterrestriction than energy-restricted 
wethers and subsequently had faster gains 
during repletion. 
Treatment Restriction Repletion Restriction 
Control .69a .4Sa .78a 
Energy restricted .. ISb .SSb .0Sb 
Protein restricted ·.S9c 1.21c .16b 
a,b'''witbin column, values with different superscripts are different (p<.01). 
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Figure 3. Growth hormone (GIl) concentration in wethers (Trial 1, a) and lambs (Trial 2, b) 
assigned to control (-+-), energy restriction (.-.--), or protein restriction (-A-) 
treatments. 
Serum IGF-I concentration decreased 
in energy restricted and protein restricted 
lambs to 60% of controls (P < .01) by 
week one of restriction and remained 
depressed until the second week of reple-
tion (Figure 2b). Return of IGF-I to 
normal values after repletion occurred 
faster in Trial 1 than Trial 2, presumably 
because of the differences in age of the 
animals. 
The biological drive to grow may be 
the key factor involved in determining 
the differences in responses noted in 
these trials. Similar to Trial 1, serum 
IGF-I was positively correlated during 
restriction and repletion to ADG (rZ = 
.60,P< .01). Regardlessofageoflamb, 
IGF-I was nearly identically correlated 
to growth rate and nutritional status. 
Plasma GH was elevated in protein-
restricted lambs by one week ofrestric-
tion and during weeks one and two of 
repletion (P < .04; Figure 3b). In energy-
restricted lambs, GH was elevated by 
week five (P < .03) of restriction but 
dropped to control levels by the second 
week of repletion. One notable differ-
ence between trials was that the concen-
tration of GH in younger lambs was low 
and near the detection limit of the assay 
used, while GH in older wethers was 
easily assayed. The low GH values could 
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be the reason that we could not detect 
significant differences in GH among 
treatments in Trial 2 . 
Growth hormone concentration is 
thought to rise in response to restriction 
because one of the main actions ofGH is 
lipolysis. During restriction, fat must be 
mobilized from adipose tissue for use as 
energy substrate, thus, more GH is se-
creted and plasma concentration rises. 
Growth hormone also has a protein spar-
ing action which explains the greater 
response of GH to protein restriction . 
In these trials, treatments retarded 
growth to the extent that nutrients were 
limited. Restriction increased GH con-
centration in an effort to mobilize energy 
stores and preserve protein mass. Like-
wise, IGF-I dropped during restriction 
because of the lack of nutrients to sup-
port normal growth. During repletion, 
weight gain induced GH to fall because 
body stores were being replenished and 
IGF-I rose to promote tissue accretion. 
The differences observed in responses 
between trials were due to severity of 
restriction and age (growth impetus) of 
the animals used. In application to beef 
animals, it is important to differentiate 
between the effects of restriction on 
older, senescent animals and young, 
rapidly growing ones. For example, 
there may be differences between the 
response to restriction and repletion that 
a six-year-old cow faces over winter 
compared with what a yearling steer 
faces coming off of cornstalks to finish 
in a feedlot. 
This study showed that hormonal re-
sponse to nutrient restriction and reple-
tion was relatively rapid regardless of 
nutrient restricted, but restricting growth 
of young lambs with high growth impe-
tus appeared more severe than restrict-
ing mature wethers (despite drastic weight 
loss). Also, serum IGF-I concentration 
was positively correlated to growth rate 
in both trials. From this study, we con-
clude that IGF-I is a key hormone in-
volved in growth response to nutrient 
modulation. 
ITimothy Wester, Juan Carulla, and Eric 
Larson, graduate students. Robert Britton and Terry 
Klopfenstein,Professors, Animal Science,Lincoln. 
John Klindt and Harlan Howard, USDA Meat 
Animal Research Center, Clay Center, NE. 
Growth Promotants for Heifers 
Terry Mader 
Kelly Lechtenberg 
Willie Lawrence l 
Summary 
In a 126-day heifer (360 head)feed-
ing trial, TBA (Finaplix-H) and estrogen 
(Heifer-oid) implants when used in com-
bination with an MGAfeeding pro gram 
were evaluated. Heifers receiving only 
Finaplix in combination with MGA had 
significantly greater gains and lower 
feed to gain ratios than the non-MGAfed 
heifers. Heifersfed MGA tended to con-
sume morefeed than non-MGAfed heif-
ers, particularly if heifers had been 
implanted with only Finaplix. Also heif-
ers fed MGA tended to have a higher 
percentage of carcasses grading choice 
and prime compared to carcasses from 
non-MGAfed heifers. A slight but non-
significant benefit in gain and efficiency 
was obtained by implanting with H eifer-
oid and Finaplix when MGA was fed 
versus implanting heifers and not feed-
ing MGA. 
Introduction 
Trenbolone acetate (TBA), an im-
plant (Finaplix)2 with androgenic activ-
ity, stimulates growth and enhances feed 
efficiency much like implants that have 
estrogenic activity (Ralgro, Synovex, 
Heifer -oid, Steer -oid and Compudose)2. 
However, combinations of Finaplix and 
estrogenic implant have been shown to 
be most beneficial when Finaplix is used 
only once and in the later phase of the 
feeding program. A typical implant pro-
gram would be to administer an implant 
having estrogenic activity initially, then 
70 to 90 days before slaughter implant 
with both estrogenic and androgenic 
(Finaplix) implants. 
Other options for enhancing growth 
and efficiency of heifers are available, 
however. Melengestrolacetate (MGA)2, 
a feed additive, is known to suppress 
estrus and enhance gain and efficiency 
in heifers. In general, feeding MGA in 
addition to administering an estrogenic 
hormone to heifers produces little or no 
gain or feed efficiency response above 
that found by using either of these prod-
ucts by themselves. Information relative 
to feeding MGA to heifers implanted 
with Finaplix alone or with an estrogenic 
implant is limited. 
Procedure 
Three-hundred sixty, predominantly 
British and British x Continental cross, 
non-pregnant heifers were purchased and 
shipped to the Northeast Research and 
Extension Center at Concord, NE. Dur-
ing a three-week initial receiving period, 
heifers were fed a growing diet and 
dewormed with Morantel Tartrate. The 
day before the trial began all heifers 
were weighed, eartagged and vaccinated 
for IBR, PI" BVD, BRSV andH. Somus. 
Heifers were subsequently stratified by 
weight and randomly assigned to 24 
pens (15 head/pen). 
Pens of heifers were than randomly 
assigned the following treatments: 1) 
Heifer-oid implant day = 0, followed by 
Heifer-oid and Finaplix implants day = 
56, 2) Heifer-oid implant day = 0, fol-
lowed by Finaplix-H implant day = 56, 
with MGA in the basal diet, 3) Finaplix-
Table I.Diets fed and composition 
Item 
Days Fed 5 
Diet, % DM 49.51 
Ingredient, % Diet DM 
Com Silage 50.15 
Alfalfa Hay 11.40 
Dry Rolled Com 31.72 
High Moisture Rolled Com 
Liquid Supplement 3.66 
MGA Supplement" 2.25 
RumensinlTylan Supplementb .82 
Content, %DMB 
Crude Protein 11.50 
NE Gain, mcal/cwt 52.00 







Himplantday=OwithMGAin the basal 
diet and 4) Finaplix-H implant day = 56 
with MGA in the basal diet. 
On the day trial began (day = 0), 
heifers were weighed again, implanted 
according to treatment assignment and 
placed in designated pens. Initial weight 
was based on the average of the two 
weights. Heifers were weighed (full) at 
regular 28-day intervals, through day 
84, and the day before slaughter. 
During the first 28 days, diet (Table 
1) adjustments were made at 5 to 7 day 
intervals, until heifers were on full-feed. 
In treatment 1, a control supplement (no 
MGA) was fed in place of the MGA 
supplement fed in treatments 2,3 and 4. 
Also, the first two step-up diets con-
tained one-half the level of Rumensin 
and Tylan as was mixed in subsequent 
diets. 
During the trial one heifer died, the 
day after the second implant was admin-
istered and a second heifer was removed 
from test on day 84 after being diagnosed 
as having an abomasal ulcer. Other than 
these, no other health related problems 
were observed. At the end of the trial the 
MGA supplement was withheld from 
the diet 48 hours before slaughter. The 
Step-Up Nwnber Final 
2 3 4 Finisher 
5 5 7 104 
54.90 61.66 66.07 74.07 
38.70 27.17 18.70 10.00 
8.10 4.85 2.30 
46.47 60.44 47.64 55.19 
23.82 27.59 
3.66 3.66 3.66 3.66 
2.25 2.25 2.25 1.93 
.82 1.63 1.63 1.63 
11.50 11.50 11.50 11.50 
56.00 60.00 63.00 66.00 
84.49 89.14 92.64 96.14 
.68 .61 .56 .51 
.32 .34 .35 .36 
.88 .77 .69 .60 
.17 .16 .15 .15 
.16 .16 .15 .15 
.29 .29 .29 .29 
"Contained 1 mg (1.1 mg DMB) MGA/lb; placebo supplement containing the same ingredients except 
MGA was provided to non-MGA groups. 
bContained, on a dry matter basis, fine rolled com (98.36%), Rumensin 60 (1.13%) and Tylan 40 (.51 %). 
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Table 2. Live animal performance in 126 day MGAllmplant study 
Treatment Groups 
Feed Additive: NoMGA MGA 
Implant Programs: 
Day 0 Heifer-oid Heifer-oid Finaplix-H 
Day 56 Heifer-oid & Finaplix-H Finaplix-H Finaplix-H 
Treatment: 1 2 3 4 
Item 
Total number (reps) 89(6) 89(6) 90(6) 90(6) 
Starting weight, Ib 675 679 681 678 
Final weight,lb
a lO13c 1030cd 1042d 1034d 
Average daily gain,lb 
3.88f 0-56 3.57e 3.62e 3.58e 
0-126a 2.66e 2.77ef 2.86f 2.82f 
Dry matter intake, Ib 
0-56 20.86 21.19 21.24 21.13 
0-126 19.88c 20.18cd 20.47d 20.30d 
Dry matter conversion 
5.48f 0-56 5.87e 5.87e 5.92e 
0-126a 7.49c 7.29cd 7.16d 7.20d 
Cost/cwt gain, $b 
Feed 34.69 34.36 33.77 33.96 
Feed + implant 36.19 35.51 34.60 34.80 
aBased on hot carcass weight and 63% dress. 
bComparable ingredients within respective diets were assigned identical prices. Inclusion of MGA 
increased the respective supplement price $80/ton. Heifer-oid and FinapJix-H were priced at $1.10 and 
$3.00/implant, respectively. 
cdDiffer significantly (p < .10). 
efDiffer significantly (p < .05). 
day before slaughter weights were ob-
tained and used as full final weights. 
Heifers were graded after a 24 hour chill. 
Results 
During the first 56 days, gains (Table 
advantage for heifers fed MGA and im-
planted with Finaplix. Cost advantage 
does not take into account differences in 
quality grade, yield grade4s and percent 
dark cutters. Compared to treatment 1 a 
slight but non-significant benefit in gain 
and efficiency was obtained by implant-
Table 3. Carcass data from MGAllmplant study 
Feed Additive: NoMGA 
Implant Programs: 
Day 0 Heifer-oid 
ing with Heifer-oid (dayO),andFinaplix-
H (day 56) and feeding MGA (treatment 
2). However, administration of Heifer-
oid was not as cost effective when heif-
ers were fed MGA and a Finaplix im-
plant was administered. 
Carcass gain (Table 3) followed a 
similar pattern as live gain; although, 
differences in carcass feed conversion 
were not found among treatments. With 
the exception of differences among REA, 
carcass traits were found to be similar 
among treatments. The high percentage 
of choice indicates that heifers can be 
implanted with Finaplix and still obtain 
a high percentage of choice grade, even 
though the feeding period between last 
Finaplix implant and slaughter is rela-
tively short. A low percentage of yield 
grade 4s and dark cutters are equally 
important. Implanting British-crossbred 
yearling, heifers with Finaplix alone was 
effective, regardless of implant time (day 
o or 56), provided MGA was fed in the 
diet. 
ITerry Mader, Associate Professor, Animal 
Science, Northeast Research and Extension Center, 
Concord. Kelly Lechtenberg, consultant, Midwest 
Veterinary Research, Oakland, NE. Willie Law-
rence, Technical Service Veterinarian, The Upjohn 
Co., Kalamazoo, MI. 
me use of a product name does not imply 




2) were greater (p < .05) for heifers 
implanted with Finaplix (treatment 3 vs 
1,2 and4). By the end of the trial (0-126 
days) heifers receiving only Finaplix in 
combination with MGA (treatments 3 
and 4) had greater gains (P < .05) and 
lower feed to gain ratios (P < .10) than 
the non-MGA heifer group (treatment 
1). The MGA performance appears to be 
partially intake related (treatments 1 vs 
2,3 and 4). Over the entire trial, MGA 
stimulated (p < .10) intakes when Fina-
plix was administered (treatments 3 and 
4) but notas much when both Heifer-oid 
and Finaplix were administered (treat-
ment 2 vs 1). 
Day 56 Heifer-oid & Finaplix-H Finaplix-H Finaplix-H 
Feed costs/cwt were lower for all 
heifers fed MGA vs the non-MGA heifer 
group. Adding implant costs to feed 
increased costs more for treatment 1 
than for treatments 2, 3 and 4 (MGA). 
The $1.59 ($36.19 vs $34.60) difference 
in cost/cwt of gain between treatments 1 
and 3 would constitute over a $5 .50/head 
Treatment: 1 
Item 
Hot carcass weight, Ib 637.9d 
Dressing percentage 62.5 
Carcass gain, Ib a 266.18 
Carcass daily gain, Iba 2.10
g 
Carcass dry matter conversion a 9.46 
Back fat thickness, in 0.42 
Kidney-pelvic-heart fat, % 2.88 
Rib-eye area, in2 12.60d 
Choice & prime grade, % 68.7 
Dark cutters, % 3.4 
Marbling scoreb 543 
Quality gradeC 18.7 
Yield grade 2.3 
Yield grade 4s, % 0 
aBased on final hot carcass weight and 55% initial dress. 
bSmano = 550, ModestO = 650. 
CSelectO = 17, Choiceo = 20. 
defDiffer significantly (p < .10). 
ghDiffer significantly (p < .05). 
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2 3 4 
648.9de 656.2e 651.3e 
62.9 62.5 62.6 
275.48h 281.7h 278.4h 
2.18
gh 2.24h 2.21h 
9.27 9.16 9.20 
0.44 0.46 0.48 
2.88 2.91 2.91 
12.34ef 12.42de 12.17f 
80.8 74.5 78.9 
1.1 1.1 1.1 
546 557 555 
18.8 19.0 19.0 
2.4 2.4 2.5 
2.2 0 2.2 
Wet Distillers Byproducts 








Two yearling and two calf finishing 
trials evaluated the feeding value of wet 
distillers byproducts (wet grains and 
thin stillage). An additional trial esti-
mated the amount of thin stillage bypass-
ing the rumen when consumed by 
drinking. 
Yearling steers were 5,9, and 17% 
more efficient, while calves were 2, 5, 
and 12% more efficient when fed 5.2, 
12.6,and40.0%wetdistillersbyproducts, 
respectively, compared with cattle fed a 
dry rolled corn control diet. Cattle fed 
5.2 or 12.6% wet distillers bypro ducts, 
or the dry rolled corn diet, received 
similar amounts of protein (crude or 
metabolizable), and all cattle received 
at least17% more metabolizable protein 
than required according to NRC. 
Differences in feed efficiency were 
attributed to energy differences of the 
diets. Wet distillers byproducts aver-
aged 174% the energy value of corn 
when fed to yearlings and 132% the 
energy value of corn whenfed to calves. 
Approximately 50% of thin stillage con-
sumed by drinking was estimated to have 
bypassed ruminal fermentation. 
Introduction 
Ethanol production, from yeast fer-
mentation of com, yields whole spent 
stillage, which is separated by screening 
and pressing or centrifugation, resulting 
in wet distillers grains and thin stillage. 
Typically, these byproducts are dried 
and marketed as distillers dried grains 
with solubles or distillers dried grains 
and condensed distillers solubles. 
Research has shown dried distillers 
byproducts to be good sources of bypass 
protein for ruminants. With drying costs 
increasing, local use of wet byproducts 
may be more energy and cost efficient 
than dried products. However, because 
of the high moisture content, transporta-
tion of wet byproducts is expensive and 
the byproducts will mold readily. There-
fore, it is necessary to feed wet bypro-
ducts where there is a large concentra-
tion of cattle, such as Nebraska feedlots. 
The Nebraska Ethanol Authority has 
responsibility for encouraging alcohol 
production in Nebraska. They supported 
this research because of the logical rela-
tionship of com, cattle and alcohol pro-
duction at feedlots. 
Feeding distillers byproducts as both 
a protein and energy source in feedlot 
diets would enable the byproducts to be 
used rapidly. Calves (7 to 10 months old) 
fed finishing diets may utilize distillers 
byproducts more efficiently than year-
lings because of differences in composi-
tion of gain (more lean tissue). There-
fore, experiments were conducted to 
evaluate wet distillers grains and thin 
stillage as protein and energy sources for 
calves and yearlings fed high concen-
trate diets. In addition, thin stillage was 
evaluated as a replacement for drinking 
water and the percentage bypassing ru-
minal fermentation was estimated. 
Procedure 
Byproduct Production 
Distillers byproducts (wet grains and 
thin stillage) were produced at the Uni-
versity of Nebraska 's farm -scale alcohol 
plant and transported,everyotherday, to 
the beef feedlot. Fermented com mash 
was screened and pressed, separating the 
solids (wet grains) from the liquid. The 
liquid fraction was distilled, removing 
the alcohol and forming the byproduct 
thin stillage. For each distillation, the 
byproducts were weighed, sampled, and 
measured for DM content. The ratio of 
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wet distillers grains:thin stillage produc-
tion (DM basis) was computed monthly 
and diets were altered accordingly, 
Samples were composited weekly and 
analyzed for CPo Trial composites were 
analyzed for DM, CP, starch, NDF, fat, 
ash and ethanol. 
Yearling Finishing 
Two finishing trials were conducted, 
beginning in May of 1990 and 1991, 
using 80 crossbred yearling steers per 
trial (Year 1, body weight = 6971b; Year 
2, body weight = 748 lb). Steers were 
randomly allotted to eight pens (two 
pens/treatment/trial). Treatments con-
sisted of a control and 5.2, 12.6, and 
40.0% (of diet DM) wet distillers 
byproducts (WDB). 
The proportion of wet distillers 
grains:thin stillage was constant among 
WDB levels and based on the ratio of 
byproduct production. Average produc-
tion ratio was 1.68 wet grains: 1 thin 
stillage (DM basis). All diets contained 
5 % com silage and 5 % alfalfa hay. The 
control diet contained 79% dry rolled 
com, 5% molasses, and 6% supplement. 
Supplemental protein for the control diet 
was a 50:50 combination (CP basis) of 
soybean meal and urea. 
The low level (5.2%) of WDB re-
placed the same amount of CP as sup-
plied by soybean meal in the control diet. 
The medium level (12.6%) of WDB 
replaced the same amount of CP as 
supplied by soybean meal and urea in the 
control diet. The high level (40.0%) of 
WDB replaced all of the soybean meal 
and urea CP, and a portion of the com. 
Thus, 40% WDB was used as both a 
source of CP and energy. 
Diets were balanced for 12% CP (40% 
WDB diet contained 15.5% CP), .70% 
calcium, .35% phosphorus, and .70% 
potassium and contained 25 g/ton 
Rumensin and 10 g/ton Tylan (DM ba-
(Continued on next page) 
Table 1. Corn and wet distillers byproduct composition, % of DM8 weight = 1,276Ib) were used to estimate 
the percentage of thin stillage bypassing 
ruminal fermentation when consumed 
by drinking. Steers were fed the yearling 
control diet once daily, ad libitum, for 
two weeks before the experiment. Thin 
stillage was marked with CoEDTA and 
offered to each steer for 15 min. Imme-
diately after 15 min, ruminal contents 
were evacuated, weighed, mixed, sub-
sampled and replaced. Refused stillage 
was weighed and sub-sampled. Three 
steers were evacuated per day for two 
days, and one week later the procedure 
was repeated. The percentage of thin 
stillage bypassing the rumen was calcu-
lated by the following equation: percent 
thin stillage bypass = 100 - (mg Co 
measured in the rumen/mg Co con-
sumed) * 100 
Nutrient Com Wet grains Thin stillage WG:TS
b 
Starch 70.3 9.0 22.0 13.9 
Crude protein 10.1 25.0 16.8 21.9 
NDF 10.9 39.4 11.7 29.1 
Fat 3.8 13.7 8.1 11.6 
Ash 1.4 1.4 5.9 3.1 
Ethanol 10.7 12.2 11.3 
Dry matterC 86.8 31.4 5.0 21.5 
"Average of yearling and calf trials. 
hwG:TS = 1.68 wet grains:l thin stillage (production ratio), DM basis. 
cIncIudes ethanol. 
sis). Steers were adapted to the final diets 
in 21 days using four step-up diets con-
taining 45 (3 days), 35 (4 days), 25 (7 
days), and 15% roughage (7 days; DM 
basis). 
Roughage was a mixture of com 
silage and alfalfa hay with com silage 
assigned a value of 50% roughage. Wet 
distillers grains were mixed in all diets; 
however, because of the high moisture 
content of thin stillage (95.5% mois-
ture), thin stillage was mixed in diets 
containing 5.2 and 12.6% byproducts 
and offered as the source of drinking 
water at the 40% byproduct level. When 
steers had consumed their allotted thin 
stillage, water was available ad libitum. 
Cattle were implanted with Com-
pudose, fed once dail y, and housed in an 
open-front confinement bam. Crude pro-
tein, starch, NDF, and fat intakes were 
calculated using determined values 
(Table 1). Metabolizable protein was 
determined as digestible escape protein 
(escape protein x .9) + digestible true 
bacterial protein (degradable protein x 
.8 x .8). Energy was calculated to be 
adequate for microbial growth. Initial 
weights were based on the average of 
two consecutive weights taken before 
feeding. Steers were fed for 134 and 110 
days in 1990and 1991 ,respectively. Hot 
carcass weight adjusted for 62% dress 
was used to estimate final weight. Hot 
carcass weight and liver abscess score 
were recorded at slaughter. Fat thick-
ness, quality grade, and yield grade were 
recorded after a 48-hour chill. 
Calf Finishing 
Two finishing trials were conducted, 
beginning in November of 1990 and 
1991, using 80 crossbred steer calves per 
trial (Year 1, body weight = 6031b; Year 
2, body weight = 615Ib). Experimental 
treatments and procedures for the calves 
were the same as the yearlings with the 
following exception; the calf control 
supplement contained soybean meal as 
the only supplemental protein source 
(no urea). The trial began approximately 
30 days after arrival at the feedlot, at 
which time the calves were implanted 
with Compudose. Calves were fed for 
194 and 181 days in 1990 and 1991, 
respectively. Adaptation to the final di-
ets, feeding, initial weighing procedures, 
and carcass measurements were per-
formed as in the yearling trials. 
Thin Stillage Bypass 
Six crossbred yearling steers (body 
Results 
Byproduct Production 
In general, distillation removed the 
com starch, which concentrated the re-
maining nutrients threefold (Table 1). 
Crude protein content of thin stillage 
produced in our plant (19%) was lower 
than typical values (26 to 29%). The 
WDB may not be typical of dry distillers 
grains and solubles produced from com-
Table 2. Effect of wet distillers byproduct level on I'lnishing performance and carcass characteristics 
of yearlings and calves 
Byproduct level, % of diet DM" 
Item 0 5.2 12.6 
Daily feed, Ib 
Yearlingsb 25.21 24.64 24.05 
Calvesli 18.52 19.23 18.55 
Ethanol intake, Ib 
Yearlings C 0 .14 .34 
Calvesc 0 .11 .26 
Daily gain, Ib 
Yearlings C 3.61 3.76 3.85 




6.94 6.58 6.25 
Calvesli 6.45 6.29 6.02 
Adjusted feed/gain f 
Yearlings e 6.94 6.62 6.33 
Calvesli 6.45 6.33 6.10 
"Wet grains:thin stillage (fed ratio), yearlings = 1.67 = 1; calves = 1.81:1, DM basis. 
bByproduct level, linear (p<.01). 
cByproduct level, linear (p<.1 0); quadratic (p<.10). 
dFeed/gain analyzed as gain/feed. Feed/gain is reciprocal of gainlfeed. 
CSyproduct level,linear (p<.01); quadratic (PdO). 













mercial dry milling plants. The WDB 
used in these trials contained more starch 
and ethanol and less protein than litera-
ture values reported for dry distillers 
grains plus solubles. In addition, the 
increased starch content of WDB sug-
gests less starch was converted to alco-
hol than would be expected in normal 
commercial operations. 
The mean production ratio (DM ba-
sis) of wet distillers byproducts (wet 
grains:thin stillage) during the yearling 
trials was 1.65: 1 and 1.70: 1 during the 
calf trials, compared to the mean feeding 
ratio of 1.67: 1 and 1.81: 1 for the yearling 
and calf trials, respectively. 
Dry matter content (includes etha-
nol) of the byproducts was 31.4% (wet 
grains) and 5.0% (thin stillage) and was 
variable (wet grains mean coefficient of 
variation (CV) = 9.5%; thin stillage mean 
CV = 21.2%). Coefficient of variation is 
calculated as the variation (standard de-
viation) in DM content divided by the 
average DM. This variability required 
weekly adjustments of byproduct DM 
content to assure proper levels in the 
diet. 
Thin stillage contained 12.2% and 
wet distillers grains contained 10.7% 
alcohol, which would be volatized when 
drying to determine DM composition. 
Yearling and Cal/Finishing 
Both yearlings and calves responded 
similarly (Table 2) to WDB. No interac-
tions (p>.I) between years in cattle per-
formance were detected among WDB 
levels, therefore, data were pooled across 
years within yearling and calf trials. As 
level of WDB increased, cattle con-
sumed less DM (linear, P<.OI), gained 
faster (linear, P<.I) and were more effi-
cient (linear, P<.OI) than the control 
cattle. Fat thickness at slaughter did not 
differ among treatments and averaged 
.53 inches for yearlings and .54 inches 
for calves. 
Liver abscess score was not statisti-
cally different among treatments; how-
ever, there were three severely abscessed 
livers from cattle fed the control com-
pared to 0 for cattle fed 40% WDB. 
Quality grade of yearlings did not differ 
among treatments (average = 70% 
choice), while calves fed WDB graded 






Wet Distillers, Mcal/cwtb 
Yearlings 
Calves 
Relative to Com, % 
Yearlings 
Calves 
aBased on cattle performance. 
bCaJculated by substitution. 
higher (linear, P<.OI) than the control 
calves (0% WDB=68% choice, 40% 
WDB=93% choice). 
Cattle fed 5.2 and 12.6% WDB con-
sumed less crude (2.56 and 2.42 lb/day, 
respectively) and metabolizable protein 
(1.98 and 1.90 lb/day, respectively), 
while steers fed 40% WDB consumed 
more crude (2.99Ib/day) and metaboliz-
able protein (2.38 Ib/day) than the con-
trol (2.63 and 2.04 Ib/day, respectively; 
linear and quadratic, P<.OI). 
Yearlings and calves consumed at 
least 48 and 17% more metabolizable 
protein than required (1.43Ib) for opti-
mal growth (NRC, 1985). 
Dry matter intake values would not 
account for ethanol intake since ethanol 
is volatized upon drying. Accounting for 
ethanol intake, yearlings were 5, 9, and 
17% more efficient while calves were 2, 
5, and 12% more efficient than the con-
trols when fed 5.2, 12.6, and 40.0% wet 
distillers byproducts, respectively. 
Calves were expected to benefit more 
from high levels of metabolizable pro-
tein than yearlings due to differences in 
composition of gain (more lean growth). 
However, calves fed intermediate (5.2 
and 12.6%) levels of distillers byproducts 
did not consume more metabolizable 
protein than the calves fed the control 
diet, and metabolizable protein intake 
was above the calculated requirement 
for all treatments. 
Improved feed efficiency at 5.2% 
WDB and 12.6% WDB could not have 
been due to crude or metabolizable pro-
tein intake since protein intake was less 
than the control and well above NRC 
requirement. Therefore, improvements 
in yearling and calf performance at each 
level of wet distillers byproducts was 
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5.2 12.6 40.0b 
66.4 69.1 76.8 
64.6 67.3 73.2 
\35.5 123.2 105.9 
89.1 95.5 94.1 
194 176 151 
126 135 134 
attributed to increased energy use. The 
NE of each diet was calculated. based • on performance, according to the equa-
tions by Lofgreen and Garrett (Table 3). 
The control diets contained 96% (year-
ling) and 98% (calf) as much energy as 
calculated by tabular values (NRC, 1984). 
The NE. content of wet distillers 
byproducts was calculated by substitu-
tion, assuming basal ingredients pos-
sessed the same energy value (96% or 
98% of NRC, 1984) across each diet 
Wet distillers byproducts contributed 
94,76, and 51 % more energy than com 
when fed to yearlings and 26, 35, and 
34% more energy than com when fed to 
calves at 5.2, 12.6, and 40.0% of the diet 
DM, respectively. Compared to com, 
WDBcontainedanaverageof1.74times 
more energy for gain of yearlings and 
1.32 times more energy for gain of calves 
when included up to 40.0% of the diet 
(Table 3). 
A combination offactors likely con-
tributed to the high energy value of wet 
distillers byproducts. First, the bypro-
ducts contained over three times more 
fat (com oil) than com (Table 1). Al-
though fat theoretically contains 3.5 
times more metabolizable energy than 
com grain and ethanol contains 1.7 times 
more gross energy than starch, nutrient 
content could only account for WDB 
containing 18% more energy than com. 
Secondly, cattle fed WDB consumed 
less starch and more com fiber. which is 
highly digestible, than the control cattle. 
This may have reduced digestive prob-
lems (acidosis). 
The greater potential for yearlings to 
experience acidosis may have contrib-
uted to the different energy values, rela-
(Continued on next page) 
tive to com, ofWDB between yearlings 
(average relative value = 174%) and 
calves (average relative value = 132%). 
Relieving subacute acidosis is typically 
associated with an increase in intake, 
however, because cattle eat to a constant 
energy level and the WDB contained 
more energy than com, DM! was not 
increased (Tables 2 and 3). 
Thirdly, the use of bypass protein as 
an energy source may have reduced 
metabolic losses associated with micro-
bial fermentation. 
Thin Stillage Bypass 
Steers consumed 26.0 ± 2.91b (mean 
± standard deviation) of the yearling 
control diet/day, which was similar to 
the yearling feedlot intakes (Table 2). 
Each steer was offered 3.6 gal of thin 
stillage for 15 min. Within the allotted 
time, steers consumed 2.5 ±. 7 gal of thin 
stillage. Based on the amount of Co 
measured in the rumen within 1/2 hour 
after drinking, 52.7 ± 10.9% of thin 
stillage drank bypassed the rumen. The 
variation of this estimate was high (CY 
= 21 %); however, it appears that not aU 
of thin stillage which is drank enters the 
rumen. 
IEric Larson, graduate studenL Rick Stock, 
Associate Professor, Teny Klopfenstein, Professor, 
Mike Sindt and Roger Huffman, technicians, 
Animal Science, Lincoln. Tom Thompson, 
Professor, Biological Systems Engineering, 
Lincoln. 




Terry KIopfenstein l 
Summary 
One growing and one finishing trial 
evaluated the feeding value of corn glu-
tenfeedforcattle. Calvesfed corn gluten 
feed and alfalfa hay gained faster and 
more efficiently than calvesfed corn and 
alfalfa or corn, corn silage and alfalfa. 
Calves fed gluten feed and cornstalks 
gained less but were more efficient than 
calves fed corn and alfalfa or corn, corn 
silage and alfalfa. In the finishing trial, 
gains and efficiencies were similar for 
steers fed dry rolled corn, 35% wet corn 
glutenfeed, or 70% wet cornglutenfeed. 
Including water in a dry corn glutenfeed 
diet reduced dry matter intake, and daily 
gain, but did not affect feed efficiency. 
Wet corn gluten feed contributes both 
protein and energy in growing and fin-
ishing diets and may be an economical 
feedstufffor cattle. 
Introduction 
Com gluten feed is a byproduct of the 
wet com milling industry. The use of wet 
com gluten feed (WCGF) in beef diets in 
Nebraska has not been economical due 
to large costs of transporting a wet (50% 
moisture) product, or high costs associ-
ated with drying. Thus, only a limited 
amount of com gluten feed has been fed 
in Nebraska. 
Within a year, two new plants, one in 
Columbus and one in Sutherland, will be 
producing approximately 108,000 tons 
(dry basis) of com gluten feed annually. 
Thus, a large quantity of wet com gluten 
feed will be available to cattle feeders 
with minimal transportation costs. 
The objectives of these trials were to: 
1) determine the feeding value of 
WCGF in growing and finishing diets; 
2) evaluate the optimal level of 
WCGF in the diet; and 
3) evaluate the effect of added mois-
ture to finishing diets and subsequent 
effects on feedlot performance. 
Procedure 
Growing Trial 
An 88-day growing trial (February 14 
to May 12, 1992) used 200 crossbred 
calves (570 lb) blocked by weight into 
four replications. Cattle were allotted 
randomly within block to five treat-
ments. Treatments were: 
1) 44% dry rolled com (DRC), 5% 
molasses, 50% alfalfa hay; 
2) 49% WCGF, 50% alfalfa hay; 
3) 33% DRC, 33% com silage, 33% 
alfalfa hay; 
- 46 -
4) 65% WCGF,33% alfalfa hay; and 
5) 61% WCGF, 37% cornstalks. A 
mineral supplement supplied the remain-
ing feed to equal 100%. 
After 68 days, cornstalks were re-
placed with a 50:50 (DM basis) combi-
nation of grass hay and corncobs. Diets 
were formulated to contain a minimum 
or 11.5% CP, .45% calcium, .3% phos-
phorus, and 20 g!ton Rumensin. 
Steers were implanted with Com-
pudose and fed once a day. Initial and 
fmal weights were the average of two 
weights taken on consecutive days be-
fore morning feeding. A common diet 
was fed for three days before initial and 
fmal weighing and feed intake was re-
stricted to 2% (DMbasis) of body weight. 
Finishing Trial 
One hundred thirty-eight crossbred 
yearling steers (753Ib) and 48 yearling 
heifers (821Ib) were blocked by weight 
and sex into four blocks. Cattle were 
allotted randomly within block to one of 
six treatments. Dry rolled com was 
replaced by the addition of 35 or 70% 
(OM basis) WCGF or by the addition of 
70% dry com gluten feed (DCGF). A 
fifth treatment was the addition of 70% 
DCGF + water to equal moisture fed 
with 70% WCGF. The sixth treatment 
was a combination (DM basis) of 70% 
WCGF and 12% high moisture com. 
Table 1. Performance of cattle fed wet corn gluten feed (WCGF) growIng trial 
44% com 33% com 61%WCGF, 
50% alfalfa 49%WCGF 65%WCGF 33% alfalfa 37% cornstalks 
5% molasses 50% alfalfa 33% alfalfa 33% com silage or grass hay + cobsb 
Daily gain, Ib" 2.62c 3.05d 3.36e 2.71 c 2.3l 
Dry matte! intake, Ib/day 20.53d 21.09g 21.06g 20AOg 16.07g 
Feed/gain' 7.80
c 6.89d 6.26e 7.51c 6.76d 
"Gains are based on final weights shrunk 3%. 
b68 days of cornstalks, 20 days of grass hay and corncobs. 
c,d,e,fMeans with unlike superscripts differ (p<.05). 
g,l!Means with unlike superscripts differ (P<.OI). 
iFeed/gain was analyzed as gainlfeed. Feed/gain is a reciprocal of gainlfeed. 
The final diets contained (DM basis), 
82% grain or gluten feed, 5% com si-
lage, 5% alfalfa hay, 5% molasses, and 
3% supplement and were formulated to 
contain a minimum of 12% CP, .7% 
calcium, .3% phosphorus, .7% potas-
sium, 25 g!ton Rumensin, and 10 g!ton 
Tylan (DM basis). 
Cattle were implanted with Com-
pudose and fed once daily . Initial weights 
were the average of two weights taken 
on consecutive days before morning feed-
ing. Hot carcass weight adjusted for a 
62% dressing percentage was used to 
calculate final weights. All cattle were 
adapted to final diets in 21 days using 
four grain adaptation diets containing 
45% (three days), 35% (four days), 25% 
(seven days), and 15% (seven days) 
roughage, with a total feeding period of 
121 days (October 1, 1991, to January 
30,1992). 
Wet com gluten feed was supplied in 




Calves fed 49% WCGF, 50% alfalfa 
hay gained 14% faster (p<.05) and 10% 
more efficiently (p<.05) than calves fed 
the two control diets (44% DRC, 50% 
alfalfa hay or 33% DRC, 33% alfalfa 
hay, 33% cornsilage)(Table 1). Increas-
ing the level ofWCGF to 65 %, increased 
daily gain (P<.05) and feed efficiency 
(P<.05), while dry matter intakes were 
not affected. Calves fed61 % WCGFand 
37% cornstalks or the grass hay and cob 
mixture gained slower (p<.05), but were 
more efficient (p<.05) than calves fed 
the control diets. However, caution 
should be used when evaluating cattle 
fed 61 % WCGF and 37% cornstalks 
because during the initial 68 days, the 
cattle readily sorted the cornstalks and 
consumed mostly WCGF. After corn-
stalks were replaced with grass hay and 
corncobs, dry matter intake increased 6 
to 7Ib/day. 
Gains were higher than expected for 
all treatments. The calves used in this 
trial were approximately 9 to 10 months 
of age and had been limit-fed for mini-
mal daily gain « 1 lb/day) the previous 
two to three months. Thus, the potential 
for compensatory gain was high. How-
ever, the feeding value of WCGF ap-
pears to be high for calves fed growing 
diets. 
Finishing Trial 
Cattle fed the DRC control or the 
70% WCGF + high moisture com had 
similar daily gains, feed intakes, and 
feed efficiencies (Table 2). No statistical 
differences were observed for daily gain, 
feed intake or feed efficiency among 
DRC control and 35% WCGF or 70% 
WCGF; however, cattle fed the 35% and 
70% WCGF + DRC tended (p = .16) to 
be 5% less efficient than the DRC con-
trol. No differences in carcass character-
istics (data not shown) were observed. 
Cattle fed 70% DCGF consumed more 
feed (p<.01) and gained faster (p<.1O) 
than all other treatments. Inclusion of 
water to the 70% DCGF reduced feed 
intake (p<.01) and daily gain (p<. 10) but 
feed efficiency was similar for 70% 
DCGF and DCGF + I\O. Wet com 
gluten feed had a calculated (3.5% re-
ducedefficiency +an average 58.3% fed 
in the WCGF diets) feeding value of 
94 % relati ve to the value of com and thus 
is an economical alternative when feed-
ing cattle. 
lGeorge Ham, graduate student. Roger 
Huffman, technician. Rick Stock, Associate Pro· 
fessor, Terry Klopfenstein, Professor, Animal 
Science, Lincoln. 
Table 2. Effect of wet and dry corn gluten feed on finishing performance 
70% 
35% 70% 70% 70% WCGF+ 
DRC' WCGF" WCGF DCGF" DCGF+HP HMC" 
Daily gain, Ibb 3.20cd 3.17cd 3.08d 3.32c 3.01d 3.18cd 
Dry matter intake, Ib/day 25.50c 26.58c 25.83c 29A9f 26.61c 25.39c 
Feed/gaing 7.96h 8AOhi 8.38hi 8.89i 8.81i 7.98h 
"DRC = dry rolled com; WCGF = wet com gluten feed; DCGF = dry com gluten feed; HMC = high 
moisture com. 
bFinal weight calculated from hot carcass weight + .62. 
c,dMeans with unlike superscripts differ (P<.10). 
e,fMeans with unlike superscripts differ (P<.OI). 
gI:eed/gain was analyzed as gain/feed. Feed/gain is the reciprocal of gain/feed. 
h,lM 'th I'k "f eans WI un I e superscnpts dl fer (p<.05). 
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Levels of Sugarbeet Pulp for Growing 
and Finishing Cattle 
Burt Weichentbal 
Ivan Rush 
Brad Van PeW 
Summary 
Mechanically-pressedsugarbeetpulp 
containing about 76% moisture wasfed 
in growing and finishing trials. Daily 
gains tended to increase, although not 
significantly, when beet pulp replaced 
corn silage in growing diets for calves. 
Finishing yearling steers exhibited 
similar daily gains when corn silage at 
10% of diet dry matter was replaced with 
10% pressed beet pulp, but not when the 
silage and an equalamountofcorn grain 
were replaced with 20% beet pulp. Car-
cass measurements were not affected by 
thefeeding of the pressed beet pulp. Dry 
matter intakes were reduced when 
pressed beet pulp was fed to finishing 
steers, but feed efficiency tended to im-
prove (non-significantly) with the 10% 
beet pulp treatment. 
Introduction 
Pressed wet beet pulp is a byproduct 
of the sugarbeet industry and offers a 
valuable feed resource to the cattle in-
dustry. It is mechanically pressed to 
reduce water content to about 76%. Be-
cause the cost of drying pulp is high, the 
wet pressed pulp is more energy efficient 
to produce and will probably be more 
prevalent in the future. The feed value of 
pressed pulp is not well documented. 
Beet pulp is somewhat unique because 
the fiber level is relatively high. How-
ever, the digestibility of the fiber frac-
tion is high, making it a good energy 
source. Pressed beet pulp is routinely 
considered as a fiber and energy source 
for growing or finishing cattle, however 
its relative value compared to other en-
ergy/fiber sources is questioned. 
The net energy for gain (Mcal/lb) for 
wet beet pulp (89% water) is listed in the 
National Research Council tables at .49 
while that for corn silage is .47. Because 
the published energy values are similar, 
the cost of the pressed pulp dry matter is 
often compared to that for corn silage. 
In areas where sugar beet processing 
occurs, pressed beet pulp is now being 
fed to growing and finishing cattle or to 
wintering beef cows asa replacement for 
corn silage or other high quality sources 
of roughage. 
In the 1992 Nebraska Beef Report, 
pp. 24-25,resultsfrom an initial growing 
trial with pressed beet pulp were pre-
sented. As corn silage dry matter was 
replaced by pressed beet pulp at levels of 
10,20 or30% of the diet dry matter, daily 
gain and feed efficiency improved. In 
this report, results from a second grow-
ing trial are reported as well as results 
from two finishing trials in which all of 
the corn silage or the silage plus an 
equivalent weight of corn grain were 
replaced by pressed sugar beet pulp. 
Procedure 
Growing Trial 
One hundred thirty-six, large-frame 
steer calves used in this trial were weaned 
in October and fed high roughage diets 
during an adjustment period until the 
growing trial was started on December 
5 . Using 12 pens of steers, four different 
growing diets consisting of 0, 10,20 & 
30% (dry matter basis) pressed beet pulp 
were used (Table 1). With three repli-
cates per treatment, there were 11 steers 
per pen in two reps and 12 in the other. 
The control diet dry matter contained 
45% com silage, 26.6% dry corn, 24.5% 
alfalfa haylage and 2.9% supplement 
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Table 1. Dry matter composition of diets 
% Beet Pulp 
0 10 20 30 
Growing diet, % 
Beet pulp 0 10 20.1 30.1 
Com silage 45.7 35.8 25.8 15.8 
Dry com 26.6 26.6 26.6 26.6 
Alfalfa haylage 24.5 24.5 24.5 24.5 
Supplement 2.9 2.9 2.9 2.9 
Flnlshing diet, % 
Beet pulp 0 10 20 
Com silage 10 0 0 
High-moisture 
com 53.9 53.9 44.9 
Dry com 29.5 29.5 28.5 
Supplement 6.6 6.6 6.6 
which contained Rumensin (1200 g!ton) 
and minerals. The wet pulp replaced the 
corn silage in the three pulp containing 
rations. 
Crude protein of the ration was 12% 
of dry matter for all treatments. The 
growing trial lasted for 112 days and 
cattle were weighed twice on consecu-
tive days at the end of the trial. 
Finishing Trials 
Mechanically-pressed sugarbeet pulp 
was fed to finishing steers to replace all 
of the corn silage at 10% of diet dry 
matter or all of the corn silage plus 10% 
of the com grain so that beet pulp levels 
were 0, 10, or 20% of diet dry matter. A 
winter trial was conducted with 12 pens 
of medium-frame crossbred yearling 
steers for 119 days and pressed beet pulp 
hauled every few weeks from an operat-
ing sugarbeet factory. 
A summer trial was conducted with 
12 pens of large-frame crossbred year-
ling steers fed for 154 days and beet pulp 
hauled every few weeks from a storage 
pile at a sugarbeet factory. The same 
diets and treatments were used in both 
Table 2. Performance of growing steers on beet pulp involving pressed beet pulp are shown in 
Table 3 (winter and summer trials). In 
both trials, yearling steers exhibited simi-
lar gains, less dry matter intake and 
slightly improved feed conversions when 
the 10% com silage in the diet was 
replaced with 10% pressed beet pulp. 
% Beet Pulp (OM) 
0 10 20 30 
No. of pens 3 3 3 3 
Initial wt, lb 595 596 594 596 
Daily gain, lb 2.77 2.79 2.87 2.94 
Feed DM/day,lb 19.2· 18.1b 18.8·b 18.5b 
Feed/gain,lbc 6.99 6.49 6.55 6.33 
obMeans with unlike superscripts differ (p<.05). 
<Feed gain analyzed as gainlfeed. Feed/gain is reciprocal of gainlfeed. 
When the 10% com silage and com 
grain at 10% of the diet were replaced 
with 20% beet pulp, daily gains dropped 
markedly (p<.05), indicating that beet 
pulp is not a good replacement for com. 
Although the average daily gain for the 
summer trial was considerably less than 
the average for the winter trial, the treat-
ment comparisons were relatively simi-
lar in both trials. 
trials as shown in Table 1. In addition to 
10% com silage in the control diet dry 
matter as the source of roughage, high 
moisture and dry cracked com were 
included at 53.9 and 29.5%, respec-
tively, along with 6.6% of a 40% protein 
supplement. The finishing diets aver-
aged about 11.5% CP in a feed analysis. 
Carcass measurements were taken in 
the winter but not in the summer finish-
ing trial for dressing percent, fat thick-
ness, marbling, quality grade and yield 
grade. Performance and carcass com-
parisons were analyzed with SAS proce-
dures. 
The pressed sugarbeet pulp available 
for these trials contained about 24% dry 
matter, 9.1 % CP ,23.1 % crude fiber, and 
estimated 78% TDN, .80 Mcal/lb of 
NE ,and.52 Mcal/lb ofNE using stan-
dard taboratory prediction eqktions. The 
pulp was stored in piles at the sugarbeet 
factory until hauled to a concrete bunker 
at the research feedlot where it was 
stored in a pile until fed. Because of the 
small amounts fed daily in the research 
trials, the pulp contained more dried 
pieces than would probably be encoun-
tered in most feedlot operations. The 




Daily gains tended to increase with 
increasing levels of beet pulp (Table 2), 
but the differences were not statistically 
different. Results of a previous replicate 
of this trial had the same numerical 
differences and were statistically differ-
ent. The source of cattle and treatments 
were the same, however there was one 
less pen per treatment in this trial caus-
ing a higher variation among pens within 
treatment. 
When the two trials were pooled (no 
year by treatment interaction was present) 
a significant (p<.1O) linear effect was 
found. When the differences in gain 
were used to calculate the NE of the 
pulp, it was found that the NE ~as 11, 
23 and 26% higher for the pulp'than that 
in com silage for the three levels of pulp 
(10,20 and 30%). 
The average NEg value for the three 
levels of beet pulp was 20% higher than 
the value for com; this was slightly lower 
than the 37% greater value for beet pulp 
reported previously for similar treat-
ments. 
Finishing Trial 
The results from two fmishing trials 
While the level of 20% pressed beet 
pulp was not as effective at replacing 
com grain as it was com silage, finishing 
cattle could be fed as much as 10% 
pressed beet pulp in place of com silage 
without seriously affecting gains. How-
ever dry matter intakes were reduced 
even with the 10% level of beet pulp. 
Carcass measurements taken in the win-
ter trial showed no differences in fat 
cover, marbling, quality grade or yield 
grade for the three finishing diets. 
lBurt Weichenthal and IvanRush,Professors, 
Animal Science. Brad Van Pelt, research techni-
cian, Panhandle Research and Extension Center, 
Scottsbluff. 
Table 3. Performance of finishing steers fed pressed beet pulp 
% Beet Pulp (OM) 
o 10 
Winter Trial 
No. of pens 4 4 
No. of steers 32 32 
Initial wt, lb 872 874 
Final wt,lb 1325 1316 
Daily gain, lb 3.81· 3.71" 
Feed OM day,lb 21.3" 20.0b 
Feed/gaind 5.6 5.39 
Summer Trial 
No. of pens 4 4 
No. of steers 48 47 
Initial wt, lb 875 866 
Final wt,lb 1287 1265 
Daily gain, lb 2.68· 2.60· 
Feed OM/day, lb 21.8" 20.1b 
Feed/gaind 8.35 7.80 
.bcMeans in rows with unlike superscripts differ (p<.05). 






















Terry K10pfenstein l 
Summary 
A finishing trial evaluated feeding 
hominyfeedin Oor 75% roughage diets. 
Cattle fed 40% (% of diet DM) hominy 
consumed more feed and gained faster 
compared with cattlefed dry rolled corn. 
No significant differences in feed effi-
ciency were observed. 
Cattlefed40%hominyfeedhadhigher 
concentrate intakes (1.6 lb) than cattle 
fed 0% hominy feed, but concentrate/ 
gain was not different. Cattle fed all-
concentrate diets consumed 10.8% less 
feed and were 10.8% more efficient than 
cattle fed 7.5% roughage diets. 
Roughage increased concentrate in-
take 1 lb/hd/day but did not affect con-
centrate/gain. Hominy feed was not an 
effective replacement of roughage in 
finishing diets, but had an energy value 
of approximately 88% the value of corn. 
Introduction 
Hominy feed is a byproduct of the dry 
com milling industry which produces 
starch and other products for human 
consumption. Hominy feed is a mixture 
of bran, germ and a portion of the starch 
present in com kernels. Larson, 1991 
Nebraska Beef Report, p 34, reported 
that hominy feed contains 56.9% starch, 
25.2% neutral detergent fiber, 11.1 %CP 
and 5.3% fat. 
The world's largest hominy feed pro-
ducing facility is in Crete, Nebraska. 
Traditionally hominy feed has been sold 
to Kansas, Oklahoma, and Texas feed-
lots at a $5-$20/ton discount to com. 
Reduced transportation costs by feeding 
hominy feed in Nebraska could be an 
economic alternative for Nebraska cattle 
feeders. 
Due to an increased demand for com 
oil, hominy feed manufacturers have 
improved their oil extraction process. As 
a result, fat content is similar (5%) to 
com. Fiber content may be higher than 
previously published nutrient analyses 
and, therefore, hominy feed may be able 
to replace some roughage (alfalfa hay or 
silage) used in beef finishing diets. Thus, 
objectives of this research weretoevalu-
ate the feeding value of hominy feed 
when fed at 40% of the diet DM in a 
control (7.5% roughage) or all-concen-
trate diet. 
Procedure 
Ninety-six yearling steers (711 lb) 
and 32 steer calves (660lb) were blocked 
by weight and age and allotted to four 
replications. Cattle were allotted ran-
domly within block to one of four treat-
ments in a 2 x 2 factorial arrangement. 
Treatments were 0 or 40% (DM basis) 
hominy feed replacing dry rolled com 
(DRC) and fed with or without 7.5% 
roughage. 
Cattle were adapted to a 7.5% rough-
age diet in 21 days using four grain 
adaptation diets containing 45 (3 days), 
35 (4 days), 25 (7 days), and 15% (7 
days) roughage. The 7.5% roughage diet 
was fed for 11 days then the appropriate 
cattle were switched to the all-concen-
trate diet. Final diets were formulated to 
contain 12% CP, .7% calcium, .35% 
phosphorus, .70 potassium, 25 g/ton 
Rumensin and 10 g/ton Tylosin. 
Cattle were implanted with Com-
pudose and fed once per day. Initial 
weights were the average of two weights 
taken on consecutive days before morn-
ing feeding. Hot carcass weight adjusted 
for a 62% dressing percent, was used to 
estimate final weight Hotcarcass weight, 
12th rib fat thickness, liver score, quality 
and yield grade were recorded. 
Results 
No interactions in cattle performance 
was detected (1)>.10) between hominy 
feed and roughage level. Therefore, data 
were pooled for hominy and roughage 
effects. Cattle fed 40% hominy feed had 
(p=.05) higher DM intakes but similar 
daily gains as cattle fed the dry rolled 
com diets. Because of the higher intakes 
and similar gains, cattle fed 40% hominy 
feed tended (p=.18) to be less efficient 
(4.8%) than cattle fed 0% hominy feed. 
Concentrate intake was highercP=.02) 
for cattle fed 40% hominy feed com-
pared to. cattle fed 0% hominy feed, 
however, concentrate/gain was not dif-
ferent (1)>.10) between treatments. No 
difference was found in fat thickness, 
liver score, or yield grade (data not 
shown). 
Cattle fed all-concentrate diets had 
lower DM intakes (p<.01), similar daily 
gains and were more efficient (p<.01) 
than cattle fed 7.5% roughage diets. 
Concentrate intake was increased 1 lb/ 
day with 7.5% roughage diets (p=.11); 
however, concentrate/gain was not dif-
Table 1. Effect of hominy feed and roughage in finishing diets 
0% hominy feed 40% hominy feed 
Concentrate 7.5% roughage 
Daily feeda• lb/day 21.35 23.62 
Daily gain~ lb 3.52 3.48 
Feed/gainC 6.02 6.73 
Concentrate dry 20.55 21.37 
matter intake e 
Concentrate/gain C 5.77 6.08 
"Hominy feed effect (p=.05). Roughage effect (p<.01). 
~inal weights calculated from hot carcass weights + .62. 






~eed/gain and concentrate/gain were analyzed as gainlfeed and gain/concentrate. respectively. Feed/gain 
rd concentrate/gain are reciprocals of gainlfeed and gain/concentrate. 
Roughage effect (p<.01). 
eConcentrate dry matter intake calculated by total dry matter intake - roughage dry matter intake. Hominy 
feed effect (p=.02). Roughage effect (p=.II). 
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ferent (P> .10). No difference was found 
in fat thickness, liver score, quality or 
yield grade. Because the particle size of 
the fiber in hominy is small, its effect as 
a roughage source was minimal. How-
ever, when hominy feed is fed at a 
relatively high level, the higher fiber 
level and/or reduced dietary starch level 
may allow replacement of a limited 
amount of alfalfa hay or corn silage. 
Hominy feed had a calculated (4.8% 
reduced efficiency + 40% fed in the diet) 
feeding value of 88% relative to the 
value of corn and thus may be an eco-
nomical energy alternative when feed-
ing cattle. 
IGeorge Ham,EricLarson, graduate students. 
Roger Huffman, technician; Rick Stock, Associate 
Professor; Terry Klopfenstein, Professor, Animal 
Science, Lincoln. 






Roger Huffman l 
Summary 
Two feed intake trials and one com-
mercialfeedlot study evaluated thefeed-
ing value of crambe meal. The intake 
studies showed initial intake depression 
from crambe meal should last no more 
than seven days. In addition, the intake 
depression was not associated with pal-
atability, but some compound in the 
crambe meal being released in the gastro-
intestinal tract causing a metabolic prob-
lem. 
In thefeedlot study, cattlefed crambe 
meal consumed similar amounts offeed 
compared to the controlfor the initial80 
to 90 days. However, feed intake de-
creased significantly the last 40 days for 
the cattle fed crambe meal and, conse-
quently reduced gain and feed efficiency. 
Some concern should be noted for long-
termfeeding of crambe meal (120 days) 




ing oil and erucic acid from crambe seed, 
can be fed to cattle as a protein source. 
Crambe meal contains 30 to 35% CP; 
however, crambe meal may also contain 
glucosinolates which are known to de-
press feed intake. The amount of intake 
depression is related to the level of 
glucosinolates in the meal. 
Research in the 1970s with crambe 
meal indicated a variable effect on feed 
intake. As a result of the early research 
and concern about glucosinolates, the 
FDA restricts the use of crambe meal to 
feedlot cattle in an amount not to exceed 
4.2 % of the total ration. Processing meth-
ods of crambe meal and the composition 
of finishing diets has changed over the 
last twenty years and consequently, the 
intake depression associated with crambe 
meal may be different. 
The value of a protein source depends 
highly on its degradability in the rumen. 
Protein sources that have higherruminal 
escape are utilized more efficiently by 
cattle. The protein degradability of 
crambe meal is unknown. 
The objectives of the trials reported 
herein were: 
1) to determine if crambe meal af-
fects intake of cattle; 
2) to determine the effect of crambe 
meal on finishing performance of cattle; 
3) to determine if glucosinolates 
present in crambe meal affect microbial 
digestion of fiber or starch, and 
4) to determine the ruminal degrad-
ability of crambe meal. 
Procedure 
Intake Trial] 
Sixteen crossbred steers were ran-
domlyallotted tooneoffourlevels (0, 5, 
10, or 20%) of crambe meal. Pelleted 
diets were fed ad libitum and were com-
prised (DMbasis) of approximately 70% 
alfalfa hay, 29.6% corn and/or crambe 
meal and .4% minerals and vitamins 
(Table 1). The experiment had four pe-
riods of one week each. 
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Table 1. Diets for the crambe meal Intake trials 
Level of crambe meal, % 
Ingredient 0 5 10 20 
Alfalfa hay 70.00 70.00 70.00 70.00 
Com 29.64 24.64 19.64 9.64 
Crambemeal 5.00 10.00 20.00 
NaCI .30 .30 .30 .30 
Trace minerals .05 .05 .05 .05 
Vitamins .01 .01 .01 .01 
In the first period, all steers were fed 
the 0% crambe diet. During the next two 
weeks, the steers were fed their respec-
tive dietary treatments. During the fourth 
week, the steers were fed the 0% crambe 
diet to measure any carry-over effects on 
feed intake. 
Intake Trial 2 
The second experiment tested whether 
crambe meal exerted the negative ef-
fects on intake by palatability or meta-
bolic effect. Six ruminally-fistulated 
steers were randomly allotted within a 
replicated 3 x 3 Latin square to one of 
three diets (Table 1): 
1) 0% crambe meal diet; 
2) 20% crambe meal fed in the diet, or 
3)20%crambemealequivalentdosed 
intraruminally. 
The amount of crambe meal dosed 
daily was based on the previous day's 
intake of the 0% cram be meal diet. Each 
treatment period lasted 10 days. 
Feedlot Trial 
One thousand four hundred and sev-
enty-five English and English crossbred 
steers (770 Ib) were randomly allotted 
(Continued on next page) 
Table 2. Effect of crambe meal level on feed 
intake in intake Trial! 
Level of crambe meal, % 
o 5 10 20 
----------------- Ib/day ----------------
14.5 16.5 16.0 
18.1 16.1 16.3 
18.5 18.7 19.8 





"All animals were fed the 0 crambe diet on week 
I and 4. Treatment diets were fed during weeks 2 
and 3. 
~ineardecrease (p<.0l) in intake with increasing 
crambe meal level. 
Table 3. Effect of feeding or dosing a 20% 
crarnbe meal diet on intake In Intake 
Trial 2 
Treatments 
Day Control 20% crambe 20% crambe 
meal fed meal dosed 
----- Intake, % of body weight -----
I" 2.23 1.71 1.37 
2b 2.15 1.86 1.52 
3c 2.17 2.18 1.54 
4 2.25 2.29 2.19 
5d 2.34 2.54 1.98 
6d 2.40 2.61 2.03 
7d 2.25 2.64 1.99 
8d 2.50 2.49 1.58 
9 2.26 2.32 2.15 
10 2.58 2.48 2.28 
'0 vs crambe meal diets (p=.06). 
bO vs crambe meal diets (P=.11). 
cCrambe meal fed vs crambe meal dosed (P=.06). 
dCrambe meal fed vs crambe meal dosed (p<.05). 
(by groups of 10 head) at re-implanting 
to one of two treatments: 
1) control- 0% crambe meal or 
2) 4% cram be meal. 
The study was conducted at Foxley 
Cattle Company, Bartlett, NE. There 
were four pens/treatment with 172-190 
head/pen. The steers were previously 
fed the control fmishing ration for ap-
proximately 60 days and were fed treat-
ment diets for an additional 131 days 
(average). Diets were comprised (DM 
basis) of approximately 78.0% com, 
9.1 % com silage, 1.7% alfalfa hay ,2.0% 
fat, 1.4% micro-ingredients and 7.8% 
pelle ted supplement. Crambe meal re-
placed an equal amount of sunflower 
meal in the pelleted supplements. All 
cattle were implanted with Synovex-S 
and fed Rumensin and Tylan. 
Cattle were weighed by pen at the 
beginning and end of the trial before the 
daily feeding. Carcass weight and liver 
abscess scores were recorded at slaugh-
ter. Quality and yield grades were re-
corded after a 48-hour chill. 
In Vitro and In Situ Trials 
In vitro dry matter disappearance was 
measured by incubating thecrambemeal 
with ruminal microbes and buffer for 48 
hours and then adding pepsin and HO 
for an additional 24 hours. Dry matter 
content was then measured. 
Levels of glucosinolates equivalent 
to 0, 10 or 20% crambe meal diets fed in 
the intake trials were extracted and incu-
bated in vitro with com or soyhulls to 
measure if glucosinolates affect rate of 
starch or fiber digestion. Incubations 
were conducted for 4, 8, 12, 16, and 24 
hours for com and an additional 48 hours 
for soyhulls. Residual starch and fiber 
were measured and rates of digestion 
were calculated. 
To estimateruminal protein degrada-
tion, crambe meal was incubated in situ 
and in vitro. Forin situ incubation,crambe 
meal was placed in dacron bags and 
incubated in ruminally-fistulated cattle 
for 12 hours. Amino acid analysis was 
performed on crambe meal before and 
after incubation to determine whether 
the amino acid array was altered by 
digestion. Kjeldahl N uncorrected for 
rumina! microbe N contamination was 
measured. 
For in vitro incubation, crambe meal 
was placed in tubes and incubated with 
rumina! fluid from a forage-fed steer and 
mineral buffer for 6, 16, and 24 hours. 
Ammonia accumulation was measured 
at each hour. In both methods, soybean 




A linear decrease (p<.01) in feed 
intake was observed as crambe meal 
increased in the diet in week 2 (Table 2). 
Intakes during week 3 were not affected 
by treatment. Since no intake depres-
sions were observed in the third week, 
there were no carryover effects in week 
4 when all steers were fed the control 
(0% crambe meal diet). These results 
indicate the initial intake depression from 
crambe meal should last no more than 
seven days. 
Intake Trial 2 
A decrease (1)=.06) in intake of both 
cram be meal groups occurred on the first 
day of feeding (Table 3). A numerical 
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Figure 1. Effect of crambe meal on feed Intake in commercial feedlot trial. 
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Table 4. Performance of finishing cattle fed in commercial feedlot 
Item Control Crambe P - value 
Initial head 739 736 
Death loss, number 7 6 
Initial weight, Ib 770 768 .74 
Dry matter intake, Ib/day 16.46 15.94 .11 
Daily gain, Ib 
live weight basis" 2.73 2.65 .08 
carcass basisb 2.72 2.53 .03 
Feed/gain 
live weight basis 6.02 6.01 .88 
carcass basis 6.03 6.30 .02 
Dressing percentage, % 63.1 62.4 .08 
% choice 67.8 63.9 
"Daily gain = (Final weight - Initial weight)/days on feed. 
bDaily gain = ([Carcass weightl.63] - Initial weight)/days on feed. 
By day 3, the crambe-fed cattle had 
intakes similar to the control cattle, but 
the cattle dosed intraruminally with 
crambe meal had reduced intakes 
(p=.06). No statistical differences were 
observed on day 4. On days 5, 6, 7, and 
8, cattle dosed intraruminally with 
crambe meal had reduced intakes (p<.05) 
compared to those fed crambe meal. No 
differences were observed on day 9 or 
10, although cattle dosed with crambe 
meal consumed from 5 to 10% less than 
the controls on those days. 
These data suggest the negative ef-
fect of crambe meal on feed intake is not 
associated with palatability, but with 
some compound in the cram be meal 
being released in the gastro-intestinal 
tract causing a metabolic problem. This 
problem may have been enhanced by 
dosing the 20% crambe meal over a short 
time period. We do not know what the 
compound is or what the metabolic prob-
lem is. 
Feedlot Study 
Cattle fed crambe meal appeared to 
consume slightly more feed at the begin-
ning of the feeding period, but consumed 
less feed the last 40 days of the feeding 
period (Figure 1). The reduced feed 
intake at the end of the feeding period 
reduced (p=.II) overallfeed intake by .5 
lb/day (Table 4). The reduction in feed 
intake reduced daily gain 2.9% (p=.08) 
when calculated on a live weight basis or 
7.0% (p=.03) when expressed on a car-
Table 5. Amino acid degradability of crarnbe meal incubated with rumen microorganisms 
Control Unincubated Incubated" Amino acid 
%ofDM %ofDM %ofDM recoveryb 
lie 1.15 1.12 .88 76.5 
Val 1.40 1.37 1.06 76.7 
Met .45 .47 .34 75.6 
Ser 1.28 1.23 .96 75.0 
Asp 2.17 2.12 1.62 74.7 
Thr 1.34 1.31 1.00 74.6 
Ala 1.33 1.27 .99 74.4 
Phe 1.21 1.17 .89 73.6 
Leu 2.00 1.93 1.46 73.0 
Lys 1.21 1.22 .81 66.9 
Gly 1.60 1.54 1.05 65.6 
His .69 . 67 .42 60.9 
Arg 1.70 1.66 1.02 60.0 
Cys .91 .88 .55 60.4 
Tyr .62 .60 .34 54.8 
Glu 5.44 5.21 3.01 55.3 
Unincubated = soaked but not incubated with rumen microbes. 
a Average of 4 incubations. 
b (Control- Incubated/Control)" 1 00. 


















cAmino acid recovery .. Escape protein (25.8%, 12-hour in situ protein digestion). 
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cass weight basis. On a live weight basis, 
feed/gain of both treatments were simi-
lar. On a carcass weight basis, cattle fed 
the control diet were 4% more efficient 
(p=.02) than the cram be-fed cattle. 
These results support the results of 
the second intake trial in that the intake 
depression from crambe meal is not due 
to palatability, but to some metabolic 
problem. This raises someconcemabout 
long-term feeding of crambe meal, but 
short-term feeding of 50 to 60 days may 
bean option for cattle feeders. No differ-
ences were observed in quality grade, 
yield grade or liver abscess score. 
In Vitro and In Situ 
In vitro dry matter disappearance was 
67.6% indicating crambe meal was highly 
digestible. Glucosinolates added at the 
10% level did not depress fiber diges-
tion, while the 20% addition slightly 
depressed rate of fiber digestion 2.2 and 
4.6% at 24- and 48-hour incubations, 
respectively. No effects of crambe meal 
were observed on starch digestion. From 
these in vitro data, it seems unlikely that 
the effect of crambe on intake is being 
mediated by changes in fiber or starch 
digestion. 
The in situ (74.2 vs 88.0% protein 
digested at 12 hours) and in vitro (9.2, 
25.4,35.0 vs 15.4,4.33,51.0 mg NH/ 
100 mL after 6, 16 and 24 hours of 
digestion, respectively) protein degra-
dation results indicated thatcrambe meal 
was less degradable than soybean meal. 
The amino acid recovery data (Table 
5) indicated that a group of amino acids 
was removed at about 75%, lysine and 
glycine at about 65 %, histidine, arginine 
and cysteine at about 60% and tyrosine 
and glutamic acid at about 55%. 
These data indicate the proteins in 
crambe meal are being differentially 
degraded. The amount of escape amino 
acids will then vary according to the 
actual bypass value of crambe meal 
which has not been directly determined . 
IRick Stock, Associate Professor, Robert 
Britton, Terry Klopfenstein, Professors, Animal 
Science, Lincoln. Kip Karges, graduate student 
Clinton Krehbiel, Roger Huffman, research 
technicians, Animal Science, Lincoln. 
High Lysine Corn and Protein Source on Receiving 





One receiving and one finishing trial 
were conducted to evaluate the effect of 
dry rolled corn type (control and high 
lysine) and supplemental protein source 
(urea, soybean meal andfeather meal) 
onfeedlotperformance and health.Dur-
ing the receiving trial (27 days), no 
consistent effects in feedlot health or 
performance were observed for grain 
type or source of supplemental protein. 
During the calf finishing trial, using 
a soybean meal supplement improved 
daily gain and supplementing with ei-
ther a soybean meal or feather meal! 
urea supplement improved feed effi-
ciency. Steersfedhigh lysine corn gained 
faster, consumed less feed and were 
more efficient than steers fed control 
corn. The enhanced performance with 
high lysine corn was most likely due to 
improved energy utilization of the grain. 
Introduction 
When calves enter the feedlot, pro-
tein and energy supplementation are vi-
tal not only for growth but for health care 
as well. Many calves entering the feedlot 
in the fall have not been weaned. Com-
bining the stresses of weaning and ad-
justing to a new and different environ-
ment, immunization against viruses and 
challenges from bacterial invasions, cre-
ates a situation where 50% or more of the 
cattle may become sick and death rate is 
at least twice as high as with yearlings. 
Feed intake of these stressed calves 
may be low which further accentuates 
health problems. A reduced feed intake 
reduces the amount of microbial protein 
that is normally synthesized. In addition, 
most of the forages fed during the receiv-
ing period (alfalfa hay, com silage) are 
low in bypass protein. Thus, diets fed to 
calves during receiving may be deficient 
in metabolizable protein. 
Feather meal is widely used in the 
feed industry because of its economical 
price. Because it is high in bypass pro-
tein, it may improve gain and reduce 
sickness during receiving. Its only limi-
tation is poor amino acid balance. Feather 
meal is high in sulfur amino acids but 
low in lysine. 
The grain fed during receiving and 
finishing not only supplies energy to the 
host animal but may be the largest sup-
plier of both total and bypass protein as 
well as contributing energy to the mi-
crobes for synthesis of microbial pro-
tein. Ladely et al. (1992 Nebraska Beef 
Report, pp 36-37) has shown that high 
lysine com has increased energy utiliza-
tion and the extra lysine from the com 
may complement the amino acid bal-
ance of feather meal. 
The objectives of these two trials 
were to evaluate the effect of high lysine 
com and source of supplemental protein 
on the health and performance of newly 
arrived calves in the feedlot and also 
determine the carry-over effects of ad-
justment to the feedlot on subsequent 
performance during finishing. 
Procedure 
Receiving Trial 
Three hundred eighty-nine crossbred 
steers (520 lb) were received in the fall 
of 1991, vaccinated and weighed imme-
diately upon arrival (no access to feed or 
water allowed before weighing) and then 
randomly allotted to treatments. Allot-
ment was based on the procedure where 
the first steer at processing was assigned 
to treatment one, the second steer to 
treatment 2, etc. Three groups of steers 
were received and were assigned to four 
replications. 
Group 1 (rep 1; 84 head, 14 head/pen) 
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was received October 12 and came di-
rectly from a ranch (travel distance ap-
proximately 1,100 miles). 
Group 2 (reps 2 and 3; 176 head, 14 to 
15 head/pen) was received October 20, 
came from a sale bam (approximately 
300 miles) and was of mixed origins. 
Group 3 (rep 4; 129 head, 21 to 22 
head/pen) was received October 25 ,came 
from a sale bam but the steers were from 
one ranch (approximately 300 miles). 
Treatments were grain type (control 
or high lysine com) and supplemental 
protein source (urea, soybean meal 
[SBM] or feather meal [FTH]). High 
lysine com was grown in Illinois by 
Crow's Hybrid Com Company, trans-
ported to University of Nebraska Agri-
cultural Research and Development 
Center, Mead,and had an average bushel 
weight of 53 lb. Control com was grown 
under irrigation at the University of 
Nebraska Agricultural Research and 
Development Center, Mead, and had an 
average bushel weight of 59 lb. 
Diets were comprised (DM basis) of 
50% alfalfa hay, 40% dry rolled com, 
6% molasses and 4% supplement and 
were formulated to contain 12.0% CP, 
.45% Ca and .35% P. 
Steers from Group 1,2 and 3 were fed 
receiving diets for 27, 26 and 21 days, 
respectively. Final weight was based on 
weights taken on two consecutive days. 
Health and performance were evalu-
ated. When calves were treated for res-
piratory disease, antibiotics were ad-
ministered for a minimum of three 
consecutive days. 
Finishing Trial 
Steers from Groups 2 and 3 in the 
receiving trial were used in the finishing 
trial. All steers were maintained on their 
receiving treatments, but the number of 
steers per pen was reduced to 12 head by 
the following procedure. 
The heaviest 12 steers were left in 
Table 1. Effect of grain type and protein soorce on receiving performance and cattle health- differences. 
Control com High lysine com Daily gain during receiving is highly 
variable due to short feeding periods, 
calves becoming sick on different days, 
different backgrounds of calves and 
weather effects. Health of calves also 
showed no significant treatment trends. 
One pen of calves fed high lysine com 
and FTH, had a higher number of deads 
and chronics and increased number of 
days treated for respiratory diseases. 
Calves in this pen started to become sick 
one to two days before a blizzard on 
October 31. Thus, weather had a tre-
mendous effect on the results of this 
receiving trial. 
Item Urea SBM
b FfHb Urea SBM FfH 
Dry matter intake, Ib/day 12.72 12.38 12.85 12.18 12.67 11.87 
Daily gain,lbcd 2.75 2.54 2.95 2.63 2.78 2.64 
Feed/gain 4.60 4.88 4.37 4.59 4.57 4.51 
Total headltreatment 65 65 65 65 65 64 
Number of deads and chronics 1 0 1 0 0 4
c 
Number of cattle treatel 15 15 11 14 18 17 
Number of cattle treated twice 4 0 0 1 0 2 
Total number of treatment days 70 50 33 55 60 73 
·25 days. 
bSBM = soybean meal, FfH = feather meal. 
cdGain adjusted for removal of eight steers. Three steers died while on trial; two steers were chronic 
pneumonia and died within 60 days after the receiving period; one steer was chronic pneumonia and lost 
59 Ib; two steers were sick the day final weights were taken. 
e All steers were from one pen. 
fBovine respiratory disease (shipping fever). 
each pen; a group of 72 cattle were 
assigned to a fourth replication, but still 
maintained on their receiving treatment; 
and the lightest 14 steers were removed 
from the trial. 
Treatments were the same as fed in 
the receiving trial except the FfH treat-
ment was changed to provide 50% of the 
supplemental protein from FfHand 50% 
from urea. Steers were adapted to the 
final diets using three adaptation diets 
containing (DM basis) 35, 25 and 15% 
roughage. Each adaptation diet was fed 
for seven days. 
Final diet contained (DMbasis) 78.5% 
Table 2. Effect of high lysine corn on rtttlshing 
and total feedlot performance 
Item 
Dry matter intake, lb/day" 
Daily gain~lb· 
Feed/gain· 
Fat thickness, in 
Quality gradeC 






















bpeed/gain analyzed as gain/feed. Feed/gain is 
reciprocal of gain/feed. 
c18 = high select, 19 = low choice. P=.07. 
dReceiving = 24 days, and includes only the three 
replications that were finished in this study; 
Finishing = 192 days; Total = 216 days. 
com, 5% corn silage, 5% alfalfa hay, 5% 
molasses and 6.5% supplement. Final 
diets were formulated to contain 12% 
CP, .70% Ca, .35% P, .7% K,25 g!ton 
Rumensin and 10 g!ton Tylan. Steers 
were implanted with Compudose and 
fed for an average of 192 days (Novem-
ber 15, 1991 to June 4, 1992). 
Results 
Receiving Trial 
No consistent treatment effects were 
observed in dry matter intake, daily gain 
or feed efficiency during receiving (Table 
1). A grain type * protein source interac-
tion (p=.07) was observed for daily gain, 
but probably reflects random variation 
among cattle rather than true biological 
Finishing Trial 
No interactions were observed be-
tween grain type and supplemental pro-
tein source and thus the data were pooled 
across grain and protein source. Steers 
fed high lysine com (Table 2) consumed 
less feed (p<.01), gained faster (p<.01) 
and were more efficient (p<.01) than 
steers fed the control com. Steers fed 
high lysine com had a higher (p=.07) 
quality grade which was due to more 
cattle grading choice or prime (86 vs 
92%). Over the total receiving and fm-
ishingperiods, high lysine com improved 
daily gain and feed efficiency 4.0 and 
9.8%, respectively. 
Steers fed diets supplemented with 
SBM gained faster (p<.1O) than steers 
fed diets supplemented with urea or 
FTH/urea. Supplementing with SBM or 
(Continued on next page) 
Table 3. Effect of protein soorce on finishing and total feedlot performance 
Item Urea Soybean meal Feather meal/urea 
-------------------- Finishing performance --------------------
Dry matter intake, Ib/day 
Daily gain, Ib 
Feed/gainc 

















------------------ Total feedlot performancec------------------
Dry matter intake, Ib/day 









cFeed/gain analyzed as gain/feed. Feed/gain is reciprocal of gain/feed. 




~eceiving = 24 days, and includes only the three replications that were fmished in this study; Finishing 
= 192 days; Total = 216 days. 
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FIR/urea did not affect DM intake but 
did improve (P<. 10) feed efficiency com-
pared to urea alone. Because differences 
among protein sources were small in the 
receiving period, there were no carry-
over effects from receiving to finishing. 
Over the total receiving and fmishing 
periods, SBM increased (P<.1O) gain 
3.5% and SBM andFTH/urea improved 
(P<.1O) efficiency 2.6% compared with 
supplementing with only urea. 
Because grain type did not interact 
with supplemental protein source and 
because dry matter intake, and conse-
quently metabolizable protein intake, 
was lower with high lysine com, the 
extra lysine in high lysine com probably 
was not important in improving perf or-
mance of the steers. 
High lysine com did not provide extra 
metabolizable protein, thus the improve-
ment in gain and efficiency with high 
lysine com must be due to increased 
energy availability. 
IRick Stock is Associate Professor, Terry 
Klopfenstein, Professor, Roger Huffman, techni-
cian, Animal Science, Lincoln. 
Roughage Levels and Changes for Feedlot Cattle 
Jim Dahlquist 
Terry Mader l 
Summary 
Two winter and two summer trials 
evaluated the effect of diet energy level 
and( or) energy level adjustments onfin-
ishing performance. 
In winter trials, two levels of alfalfa 
hay (7.5%, Low and 15%, High) along 
with two diet switch feeding regimens 
(7.5% to 15%, Low-High and 15% to 
7.5% alfalfa hay, High-Low), with the 
switch occurring under cold stress con-
ditions, were fed in two facilities (with 
and without wind protection). The com-
mon feedlot practice of Low-High was 
notfound to be beneficial. Feeding regi-
men High-Low appeared to be benefi-
cial in thefacilitywithoutwindprotection 
while the Low feeding regimen tended to 
be superior in the wind protectedfacil-
ity. 
In summer trials, two levels of alfalfa 
hay (8 and 12%) were fed; higher feed 
intakeswerefoundfor steersfed the 12% 
alfalfa hay diet. Similar gains and effi-
ciencies suggest that alfalfa hay diets 
between 8 and 12% yield similar results 
in the summer. 
Introduction 
Fluctuations in environmental condi-
tions due to seasonal changes in weather 
are known to alter maintenance energy 
requirements and may necessitate 
changes in beef cattle diets. In addition 
to the normal seasonal changes, short-
term fluctuations in weather conditions 
can alter feed intake patterns of feedlot 
cattle and may influence energy parti-
tioning and efficiency of energy use. 
Changing energy density of the diet 
in response to cold or heat stress may be 
one way to help the animal cope with 
environmental stress. However, whether 
this change will be beneficial in main-
taining animal performance is unknown. 
The practice of reducing diet energy 
density (adding roughage), during peri-
ods of changing weather patterns and 
cold stress in the winter may not be 
desirable when animal maintenance en-
ergy requirements are increasing. Heat 
increment differences resulting from 
different levels of roughage in higher 
energy finishing diets may also signifi-
cantly influence animal energy balance 
and performance. 
Objectives of this research were to 
evaluate the effect of two diet energy 
levels (winter and summer) as well as 
changing energy level in response to 
cold stress on cattle performance during 
the finishing period. 
Procedure 
Winter Trials 
Four feeding regimens were evalu-
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ated in two different outside facilities 
(tree windbreak provided vs no wind 
protection provided) during the winter 
season. Feeding regimens were: 
1) 7.5% (DMbasis) alfalfa hay (AH) 
diet (Low); 
2) 15% (DM basis) AH diet switched 
toa7.5%(DMbasis)AHdietundercold 
stress conditions (High-Low); 
3) 7.5% AH diet switched to a 15% 
AH diet under cold stress conditions 
(Low-High); and 
4) 15% AH diet (High). 
Cold stress was defined as the point 
ambient temperature was less than the 
animals lower critical temperature. 
Lower critical .temperature was deter-
mined by use of a prediction model (Fox 
et al., 1989. Anim. Sci. MS No. 115, 
Cornell Univ., Ithaca, NY) and auto-
mated weather stations to continuously 
monitor environmental conditions within 
facility. 
For feeding regimens High-Low and 
Low-High, each day before feeding, 
weather conditions from the previous 24 
hours along with previous DM intakes 
(feed remaining in bunk weighed daily) 
were used in the model to determine cold 
stress conditions and subsequent diet to 
be fed. 
When a diet change was made, the 
diet was fed for a minimum of three days 
regardless of model results. 
Steers were adapted to a common 
11.25% (DM basis) AH diet before the 
start of the trials. Other diet ingredients 
included dry rolled com (Low - 87.1 %; 
High - 81.2%), dry supplement (Low -
3.2%; High - 1.6%), and liquid supple-
ment (Low and High - 2.2%, DM basis). 
Diets were formulated (DM basis) to 
provide 12% CP, .5% calcium, .35% 
phosphorus, and .6% potassium. 
Two trials were conducted in con-
secutive years using 264 steers (average 
initial weight = 930 lb). Starting date and 
days on feed for Trials 1 and 2 were 
December6,1989and70andDecember 
7, 1990 and 109, respectively. Mean 
number of diet changes and days per 
change on cold stress diet were 7 and 4 
(Trial 1) and 8 and 8 (Trial 2), respec-
tively. 
Each year steers were blocked by 
weight into a light and heavy group and 
randomly assigned within a block to one 
of eight treatments with feeding regimen 
and facility as factors. 
Summer Trials 
In each of two years (1988 and 1990) 
during the summer season, 12 pens (6 
pens/treatment) of steers (6 to 7 head! 
pen; 9581bs) were randomly allotted to 
8% or 12% (DM basis) AH finishing 
diets containing processed com (Trial 1 
- 90% dry rolled and 10% ground high 
moisture; Trial 2 - 100% dry rolled) and 
supplements. Steers were adapted to a 
common 10% (DM basis) AH diet be-
fore the start of these trials. 
Diets were formulated (DMbasis) to 
provide 11.5% CP, .5% calcium, .3% 
phosphorus, and .6% potassium. Start-
ing date and days on feed for 1988 and 
1990 were July 7 and 48 and July 5 and 
71, respectively. 
In both sets of trials, initial weights 
were an average of weights taken on two 
consecutive days before feeding. Final 
weight was based on hot carcass weight 
assuming a common 62% dressing 
percentage. All steers were implanted 
with S ynovex -S at the start of the trials 
and were fed once daily. Rumensin (20 
glton) and Tylan (8 g/ton) were fed in 
both winter trials and the second sum-
mer trial with Rumensin only fed the 
first summer trial. 
Results 
Winter Trials 
No interactions were detected be-
tween trial and feeding regimen, there-
fore, trials are reported together. How-
ever, data from each facility are reported 
separately due to facility by feeding 
regimen interactions found forfeed!gain 
(P < .10) and yield grade (P < .05). This 
interaction is most apparent in the High-
Low group. Steers in this group were the 
most efficient (8. 17 lbfeedllb gain) when 
Table 1. Effect of feeding regimen on performance and carca~ characteristics of steers fed In area 
with no wind protection 
%Rou~ha~e 
Normal diet: 7.5 15 
Cold stress diet: 7.5 7.5 




ME. Mealb 30.55 29.82 
Daily gain, lba 2.48 2.64 
Efficiency 
DM/gaina 8.80 8.17 
ME/gainab 12.46 11.42 
Fat thickness, in .59 .60 
Quality gradeC 19.0 18.8 
Choice grade, % 84.7 75.7 
Yield grade 3.6 3.7 
Liver abscesses, % 9.0 3.1 
a 
b Based on hot carcass weight assuming a 62% dressing percentage. 
Calculated from NRC values for ME content of diet ingredients. 
:Select+ = 18; Choice' = 19. 
eM . 





























fed in an area where no wind protection 
was provided (Table 1) but were the least 
efficient (8.97Ib feed/lb gain) when fed 
in the area where wind protection was 
provided (Table 2). A similar pattern 
was observed for yield grade and daily 
gain although the facility by feeding 
regimen interaction for daily gain was 
not significant. 
It is unclear as to why the High-Low 
feeding regimen in the facility without 
wind protection did not follow the same 
pattern as the High-Low feeding regi-
men in the facility with wind protection 
other than the fact that these cattle were 
exposed to more severe cold stress and 
possibly partitioned the extra energy to 
be used more efficiently. 
In the wind-protected facility, cattle 
in the Low feeding regimen were the 
most efficient numerically and tended to 
have the greatest gains, whereas cattle 
on the High-Low feeding regimen were 
the least efficient numerically and tended 
to have the lowest gains. The common 
feedlot practice of switching from low 
roughage diets to higher roughage diets 
(Low-High) during periods of cold stress 
was not beneficial. 
The heat increment associated with 
the added roughage apparently did not 
provide enough extra heat during cold 
stress to offset some of the increase in 
maintenance requirement. Since cold 
stress and roughage level both tend to 
increase rate of passage, overall diet 
digestibilities may be diminished sig-
nificantly by adding roughage to diets of 
cattle exposed to cold stress. 
No significant differences were found 
in carcass data among steers fed under 
the various feeding regimens in areas 
where no wind protection was provided 
(Table 1). When fed in areas with wind 
protection provided, steers fed the low 
roughage level diet tended to have greater 
fat thicknesses and yield grades com-
pared to the other steer groups (Table 2). 
Also, steers fed in the protected areas 
tended to have a lower incidence ofliver 
abscesses than steers fed in the non-
protected areas which could be an indi-
cation of the non-protected cattle having 
a different intake pattern than steers fed 
in the protected area at a time when 
increased energy was required for main-
(Continued on next page) 
Table 2. Effect of feeding regimen on performance and car~ characteristics of steers fed in area 
with wind protection 
%Rou~ha~e 
Normal diet: 7.5 15 7.5 15 
Cold stress diet: 7.5 7.5 15 15 
Final wt .• lb" 1179 1150 1163 1166 
Daily intake 
21.59 21.72 21.90 DM.lb 21.43 
ME. Mcalb 30.33 30.14 30.41 30.26 
Daily gain. lb" 2.72 2.42 2.58 2.65 
Efficiency 
7.95i 8.97h 8.51hi 8.26i DM/gain" 
ME/gain"b 11.25 12.53 11.92 11.41 
Fat thickness. in .64f .57
g .61fg .6zi 
Quality gradeC 18.8 19.0 18.8 19.0 
Choice grade. % 81.3 78.8 66.0 81.6 
Yield grade 3.7d 3.3e 3.4e 3.5
de 
Liver abscesses. % 0 0 0 3.1 
aBased on hot carcass weight assuming a 62% dressing percentage. 
bCa\Culated from NRC values for ME content of diet ingredients. 
CSelect + = 18; Choice' = 19. 
deMeans with different superscripts differ (P < .05). 
fgMeans with different superscripts differ (P < .10). 
hiMeans with different superscripts differ (P < .15). 
tenance. 
Cattle fed in the non-protected area 
tended to consume more feed than cattle 
fed in the protected area and therefore 
would possibly be subjected to an in-
crease in digesti ve disturbances. S wi tch-
ing from high roughage to low roughage 
diets tended to be beneficial when steers 
were exposed to cold stress in areas with 
Table 3. Effect oflevel of alfalfa hay (AD) fed in 
finishing diets during summer 
8%AH 12%AH 
Final wt .• lba 1150 1151 
Daily intake 
21.87d 22.44e DM.lb 
ME. Mcalb 30.89 31.32 
Daily gain. lb" 3.11 3.13 
Efficiency 
DM/gaina 7.38 7.43 
ME/gainab lQ.43 10.37 
Fat thickness. in .44 . 46 
Quality gradeC 18.4 18.5 
Choice grade. % 59.5 67.3 
Yield grade 2.1 2.2 
Liver abscesses. % 6.7 21.2 
aBased on hot carcass weight assuming a 62% 
dressing percentage. 
bCalculated from NRC values for ME content of 
diet ingredients. 
CSelect+ = 18; Choice' = 19. 
deMeans with different superscripts differ (P = 
.10). 
no wind protection provided; in areas 
where cold stress is less severe and(or) 
environmental conditions can be modi-
fied, then continually feeding the high 
energy diet appears to be most appropri-
ate. 
Summer Trials 
No differences in performance or 
carcass characteristics were detected 
between the two roughage levels with 
the exception ofdry matter intakes which 
were greater (P = .10) for steers fed the 
higher roughage diet (Table 3). Similar 
efficiencies of feed and energy conver-
sion would suggest that roughage levels 
between 8 and 12% can be fed in the 
summer without affecting fmishing per-
formance. 
These data indicate that levels of 
roughage, commonly used in finishing 
diets, or slight changes in these roughage 
levels, appear to have a minimal effect 
on cattle when exposed to winter or 
summer environmental stress. 
'Jim Dahlquist. graduate student. Terry 
Mader. Associate Professor. Animal Science. 











Two trials were conducted to deter-
mine effects offat addition on subacute 
ruminal acidosis. 
Trial 1: Five ruminally-Jistulated 
steers were used in a 5 x 5 Latin square 
and were made subacutely acidotic by 
placing a 100% concentrate diet di-
rectly into the rumen. As level (0,2,4, 6, 
and 8%) of tallow addition increased up 
to 6%, ruminalpH declinedfor 15 hours 
after dosing with grain and then in-
creased. However, ruminal pH for the 
control (0% tallow) and8% tallowaddi-
tion had similar pH responses as rumi-
nal pH declined for 9 hours then 
increased. 
Trial2: Six ruminally-fistulatedsteers 
were used in a 6 x 6 Latin square and 
dosed with grain as in Trial 1. Addition 
of 4% yellow grease or 4% tallow re-
duced ruminal pH when compared to the 
control. However, 6 and 8% tallow and 
8% yellow grease addition had similar 
pH curves compared to the control. 
Fat addition affects ruminal fermen-
tation, and during a subacute acidosis 
insult, the affects on ruminal fermenta-
tion may be different depending on the 
level of fat fed . 
Introduction 
Acidosis can be divided into two 
basic categories, acute and subacute. 
Acute acidosis is associated with cattle 
that are severel y foundered or cattle that 
have died in the pen and been diagnosed 
as "sudden death" and can be minimized 
with proper management. Subacute aci-
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Figure 1. Effect of tallow level ruminal pH in Trial 1. Control (--), 2% tallow (---), 4% 
tallow (-), 6% tallow (--), and 8% tallow (----). 
acidosis. The major response by the 
animal to subacute acidosis is a reduc-
tion in feed intake with a concomitant 
reduction in rate of gain and feed effi-
ciency. Subacute acidosis is a major 
problem for cattle during adaptation to 
high grain finishing diets. Fat addition to 
these adaptation diets may alter ruminal 
fermentation kinetics and reduce sub-
acute acidosis. 
An animal metabolism model was 
developed to simulate a subacute acido-
sis challenge that feedlot cattle may 
experience during grain adaption. Using 
this animal metabolism model, the ob-
jectives of these studies were to evaluate 




Five ruminally-fistulated steers (904 
lb) were used in a 5 x 5 Latin square 
design. Treatments wereO,2,4,6,or8% 
tallow addition. Two additional steers 
were used as donors of ruminal contents. 
Before starting the trial, ruminal content 
of all steers was evacuated, and an 
approximate empty body weight (EBW) 
was obtained. 
Steers were fed based on a percent of 
EBW to minimize difference in DM 
intake due to ruminal fill. Steers were 
feda45% concentrate diet (2.25% EBW, 
DM basis) for 12 days and the acidosis 
challenge diet was fed at 1.5% EBW 
(DM basis). 
The 45% concentrate diet consisted 
of 41.3% dry rolled com, 35.0% alfalfa 
hay, 20.0% sorghum silage, 3.4% mo-
lasses based supplement, and .3% salt 
(DMbasis). 
The 100% concentrate diet consisted 
of 48.4% fine ground com, 48.4% dry 
rolled wheat, 1.8% molasses based sup-
plement. .3% salt, and .2% potassium 
chloride. 
The total amount of the 45% or 100% 
concentrate diets was held constant (per-
cent ofEBW) for each steer throughout 
the trial. Tallow was added in addition to 
each diet and did not replace any fer-
mentable carbohydrates. 
On day one, 20 liters of ruminal 
contents were replaced from each steer 
with contents from the donor steers to 
minimize differences in microbial popu-
lation due to previous treatment. From 
day one to five, steers were fed the 45% 
concentrate diet in two equal propor-
tions, in the morning and in the evening. 
From day six to 12, steers were fed the 
45% concentrate diet every two hours 
with automatic feeders. On day 13, steers 
were dosed with the 100% concentrate 
diet. by placing it directly into the rumen 
via the cannula. On day 14, a 50% alfalfa 
hay, 50% sorghum silage diet (DMbasis) 
- 59 -
was fed ad libitum to allow the steers to 
recover from the acidosis challenge. 
Ruminal fluid samples were collected 
every three hours for 24 hours, with the 
first sample taken just before dosing the 
100% concentrate diet Ruminal pH was 
obtained on each sample immediately 
after sampling. 
Trial 2 
Six ruminally-fistulated steers (1, 161 
lb) were used in a 6 x 6 Latin square 
design. Treatments were 0, 4, 6, or 8% 
added tallow, and 4 or 8% added yellow 
grease. Two additional steers were again 
used as donors of ruminal contents. The 
experimental procedure was the same as 
Trial 1 except for the following changes. 
The 45% concentrate diet was fed at 
1.8% (DM basis) of body weight. Also, 
instead of dosing the 100% concentrate 
diet as a percent of EBW, an absolute 




During the acidosis challenge, rumi-
nal pH for the control (0% tallow) treat-
ment declined from initial sampling until 
nine hours and leveled off at pH 5.6 
(Figure 1). Mter 12 hours, ruminal pH 
began to rise back to initial values. As 
the level of tallow increased from 2 to 
6%, ruminal pH declined, and the lowest 
pH values were achieved at 9 hours 
(5.53), 12 hours, (5.40), and 15 hours, 
(5.24) for 2, 4, and 6% tallow addition, 
respectively. Similar to the control treat-
ment, lowest ruminal pH (5.47) for the 
8% tallow addition occurred early in the 
challenge (nine hours), and then began 
to rise. 
Area below pH 6 was determined for 
each treatment. A pH value of 6 was 
chosen arbitrarily. The larger value indi-
cates more time spent below pH 6.0 and 
consequently a greater amount of acid 
production. A quadratic (P<.04) and 
cubic (p<.09) response to fat addition 
with area below pH 6.0 was observed. 
Area values were 2.24,3.60,3.64,6.20, 
and 2.58 for the control, 2,4,6, and 8% 
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Figure 2. Effect of fat type and level on ruminal pH in Trial 2. Control (----), 4% tallow (--
-),6% tallow (-), 8% tallow (--), and 4% yellow grease (----), and 8% 
yellow grease (-.-.). 
tallow treatments, respectively. 
Trial 2 
No fat type x level interaction was 
detected (Figure 2). The control, 6 and 
8 % tallow fed cattle reached their lowest 
pH value, 5.52, 5.47, and 5.47, respec-
ti vel y , nine hours after the acidosis chal-
lenge started. Cattle fed diets with 4% 
tallow or4% yellow grease reached their 
respective lowest pH value (5.38 and 
5.46) 12 hours after the start of the 
challenge. The 8% yellow grease fed 
cattle reached their lowest pH (5.40) 
after six hours. 
As in Trial 1 , area below pH 6.0 was 
calculated for each treatment. Numeri-
cally, trends were the same as in Trial 1, 
with area values for the control 4 , 6, and 
8% tallow, and 4 and 8% yellow grease 
being 4.46, 6.79, 5.28, 3.88, 8.41, and 
5.66,respectively. The 4% yellow grease 
was greater (P<.1 0) than the control. No 
differences (p>.1 0) were detected in to-
tal volatile fatty acids (data not shown). 
We attempted, using this model, to 
simulate a subacute acidosis challenge 
that feedlot cattle may experience dur-
ing adaptation to a high grain diet. Fat 
was added to the diet based on our 
hypothesis that fat would reduce the 
severity of subacute acidosis. Contrary 
to our hypothesis, addition of2 to 6% fat 
reduced ruminal pH relative to a 0% fat 
control while the addition of 8% fat 
affected ruminal pH similar to the con-
trol. One explanation for the reduced 
ruminal pH with the addition of 2 to 6% 
fat is the fat may have reduced the 
number of protozoa and consequently, 
the number of ruminal bacteria was in-
creased. Previous research has shown 
that fat is somewhat toxic to protozoa. In 
addition, bacteria digest starch more 
rapidly than protozoa. Thus, reducing 
the protozoa population and increasing 
the bacterial population with the use of 
fat may have created a more rapid rumi-
nal fermentation, and consequently, ru-
minal pH decreased. Possible explana-
tions for 8% fat increasing ruminal pH 
relative to 2 to 6% fat are reduced or 
altered bacterial population with the 8% 
fat addition or reduced accessibility of 
the grain (by coating with fat) to the 
ruminal bacteria. 
Fat addition affects ruminal fermen-
tation. During a subacute acidosis insult 
typical of cattle adjusting to high grain 
finishing diets, fat may affect ruminal 
populations and subsequently acidosis 
differently depending on the level of fat 
fed in the diet. 
IRoger Huffman, research technician. Rick 
Stock, Associate Professor, Robert Britton, Pro-
fessor, Animal Science, Lincoln. 
Lactobacillus acidophilus (MCI811) and 







Two trials were conducted to deter-
mine effect of Lactobacillus acidophilus 
(MCI811) on subacute ruminal acidosis. 
In Trial 1. five ruminally-fistulated 
steers were used in a 5 x 5 Latin square 
design. Treatments were: control; 
Rumensin (30 glton) and Tylan (10 gl 
ton); RumensinlTylanpluseither 5 x1(J6 
(low); 5 x 10S (medium). or 5 x 1010 
(high) Colony Forming Units MCI8111 
day. Test steers were made subacutely 
acidotic by dosing (1.8% of body we ig ht. 
- 60 -
DM basis) a 100% concentrate diet, 
directly into the rumen. The medium 
level of MC/811 resulted in a smaller 
ruminal pH area, which would indicate 
the animal was acidotic for a shorter 
period of time, and reduced acetate: 
propionate ratio. 
In Trial 2,60 yearling heifers were 
used in an individual intake finishing 
trial in which three different grain and 
roughage combination diets were fed 
with or without the medium level of 
MCI8ll. MCI8ll did not reduce feed 
intake variation during the first 28 days. 
Lactobacillus acidophilus may alter 
ruminal fermentation and reduce some 
of the effects of subacute acidosis but 
animal performance response was not 
demonstrated in these studies. 
Introduction 
When feeding ahigh grain diet, main-
taining ruminal pH above 5.6 is impor-
tant in maintaining normal intakes. Re-
duction in feed intake due to subacute 
ruminal acidosis may result in reduced 
gain and efficiency. 
Ionophores have helped manage sub-
acute acidosis by stabilizing feed intake 
patterns. However, subacute ruminal 
acidosis is still a major nutritional prob-
lem in the feedlot industry. Lactobacil-
lus acidophil us, is classified by FDA as 
a Generally Regarded As Safe com-
pound and has been suggested to im-
prove feed efficiency. 
A microbial product that could be 
added to the ration and have a positive 
associative effect with ionophores in 
controlling acidosis would benefit the 
feedlot industry. These experiments were 
conducted to determine if Lactobacillus 
acidophilus (MCI811, Micro Chemical 
Inc., Amarillo, TX) is effective in con-




Five ruminally-fistulated steers (900 
lb) were used in 5 x 5 Latin square 
design. Treatments were as follows: 
I) control; 
2) Rumensin (30 glton) and Tylan 
(10 glton) (R!I); 
3) R/f plus 5 x 1()6 Colony Forming 
Units (CFU) MCI811/day (low); 
4) R/f plus 5 x lOS CFU MCI811/ 
day (medium), and 
5) R/f plus 5 x 1010 CFU MCI811/ 
day (high). 
MCI811 was refrigerated and stored 
in vials as a freeze-dried powder. Each 
morning vials were hydrated with 100 
ml of ~O, and aspirated with a syringe. 
Half was dosed directly into the rumen 
and the remainder was then refrigerated 
until evening when it was dosed into the 
rumen. 
From day I to 12, steers were fed a 
45% concentrate diet (41.3% dry rolled 
com, 20.0% sorghum silage, 35.0% al-
falfa hay, 3.4% molasses based supple-
ment, and .3% salt, DM basis) with or 
withoutR/f. Two additional steers, used 
as donors of ruminal contents, were also 
fed the 45% concentrate diet without 
R/f. On day I of each period, 20 liters of 
ruminal contents were replaced from 
each steer with contents from the donor 
steers to minimize differences in micro-
bial population due to previous treat-
ments. 
From day I to 5, steers were fed at 
2.25% (DM basis) body weight, with 
equal amounts fed in the morning and in 
the evening. From day 6 to 12, steers 
were fed every two hours with automatic 
feeders. 
On the morning of day 13,steerswere 
dosed with an all-concentrate diet at the 
rate of 1.8% (DM basis) body weight. 
The all concentrate diet consisted of 
48.4% fme groundcom,48.4% dry rolled 
wheat, 1.8% molasses based supplement, 
.8% limestone, .3% salt, and .2% potas-
sium chloride (DMbasis) and was placed 
directly into the rumen via the cannula. 
On day 14, a 50% alfalfa hay, 50% 
sorghum silage diet (D M basis) was fed 
ad libitum to allow the steers to recover 
from the acidosis challenge. 
Ruminal fluid samples were collected 
every three hours for 24 hours, with the 
first sample taken just before dosing the 
100% concentrate diet. Ruminal pH was 
obtained on each sample immediately 
after sampling and then was frozen for 
future volatile fatty acids and lactate 
analyses. 
Trial 2 
A 139-day finishing trial used 60 
individually-fed yearling crossbred heif-
ers (767 lb) in a randomized complete 
block design, with a 2 x 3 factorial 
arrangement of treatments. Main effects 
were: levelofMCI811 (Oor5x IOSCFU) 
and final finishing diet. The three final 
finishing diets were: 
I) all concentrate dry rolled com 
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(DRC); 
2) dry rolled com with 7.5% alfalfa 
hay (DRC/ALF), or 
3) a 50:50 ratio or dry rolled com 
and dry rolled wheat with 7.5% alfalfa 
hay (DRC/DRW). 
Cattle were weighed initially for three 
consecutive days after being fed indi-
vidually a 50% alfalfa hay:50% sor-
ghum silage diet at 2.0% (DM basis) 
body weight for one week. Thereafter, 
cattle were weighed every 28 days. Final 
weights were calculated from hot car-
cass weight with a 62% dressing per-
centage. At the start of the trial, all 
heifers were implanted with Compudose. 
Heifers were fed ad libitum once 
daily throughout the trial, and adjusted 
to their fmal diets in 12 days using three 
grain adaptation diets containing 50% 
(two days), 65% (five days), and 85% (5 
days) concentrate. Final diets were for-
mulated (DM basis) to contain 12.0% 
CP, .70% Ca, .70% K, .35% P, and .30% 
salt. Orts were weighed daily for the first 
28 days and then every seven days to 
calculate dry matter intake. MCI811 
was top dressed each morning. Cattle 
were housed in a confinement bam and 
were fed using a Calan gate system. 
Carcass measurements taken included 
hot carcass weight, abscessed liver, fat 
thickness, yield grade, quality grade, 
and ribeye area. 
Results 
Trial 1 
The lowest ruminal pH for control 
(5.32), R/f (5.36), low MCI811 (5.40), 
and high MCI811 (5.45) occurred 15 
hours after grain dosing, and then in-
creased (Figure I). However, the me-
dium level ofMCI811 reached its lowest 
pH value (5.49) nine hours after the 
grain dosing. 
A ruminal pH of 6.0 was chosen 
arbitrarily to determine the area above 
the curve for each treatment. These val-
ues represent the amount of time that 
each treatment spent below pH 6.0. 
Larger values represent longer periods 
of time below pH 6.0. The medium level 
had the least amount of area (6.37) be-
low pH 6.0 (p<.05) when compared to 
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Table 2. Effect of MCI811 or feed Intake 
variance (first 28 days) 
MCI811 
Diet level Variance 
All concentrate 0 20.91 
Dry rolled com/alfalfa 0 21.02 
Dry rolled com/dry 
rolled wheat/alfalfa 0 13.40 
All concentrate 5xlO1 26.09 
Dry rolled com/alfalfa 5xlO1 16.29 
Dry rolled com/dry 
rolled wheat/alfalfa 5 x 101 15.69 
sumed 12.1 % and 7.0% more feed than 
the DRC and DRC/DRW fed heifers, 
respectively. 
Figure 1. Effect of MCI811 on ruminal pH. Control (--). Rumensinfrylan (---), low 
5 x 10' CFU ( •••• ), medium 5 x 10·CFU (--), and high 5 x 10" CFU (----). 
The number of abscessed livers and 
poorperformance suggest the heifers fed 
DRC or DRC/DRW may have been 
acutely acidotic, thus, negating any ben-
efits from feeding MCIS11. When the 
data were analyzed with the removal of 
cattle that had abscessed livers, or cattle 
that consumed less than 5 lb of feed for 
at least three consecutive days, MCISII 
had no effect on intake, gain, or effi-
ciency. However, there was a diet effect 
associated with intake and gain. 
the control (S.40) and R!f (10.4). 
Total ruminal VFA levels did not 
differ among treatments, and acetate: 
propionate ratio decreased linearly 
(p<.11) as level of MCISll increased. 
Total lactate production was numeri-
cally greatest for the low treatment and 
then declined (p<.OS) as level ofMCISl1 
increased (Figure 2). 
Trial 2 
A diet * MCISII interaction (p<.02) 
was observed for daily gain and feed 
efficiency (Table 1). When MCISII was 
added to the DRC/ALF diet, feed effi-
ciency was improved 6.9% and daily 
gain improved 10.3%. When MCISll 
was added to DRC/DRW, neither feed 
efficiency or daily gain were affected. 
However, when MCISII was added to 
DRC, feed efficiency and daily gain 
were reduced. MCISll did not reduce 
feed intake variation during the first 
26 days (Table 2). A reduced variation 
would be an indication of reduced acido-
sis. 
Heifers fed the DRC diet had smaller 
ribeye areas (p<.02) when compared to 
DRCI ALF and DRC/DRW diets. How-
ever, heifers fed DRC or DRC/ALF had 
higher quality grades (p<.02) when com-
pared to DRC/DRW diets. Fat thickness, 
and yield grade were not effected by 
treatment. 
Dry matter intake was not affected by 
treatment for the frrst 2S days of the trial 
(Table 1). However, for the entire trial 
there was a diet effect (p<.02) on feed 
intake. Heifers fed the DRC/ALF con- Cattle fed the DRC/ALF consumed 
Table 1. Effect of MCI811 on fmishlng performance (Trial 2) 
Microbial level 
0 5 x 101 CPU 
Dieta 
Item DRC DRC/ALP DRC/DRW DRC DRC/ALP DRC/DRW 
Number 10 10 10 10 10 10 
Daily intake, lb 
0-28 19.79 19.52 19.62 18.55 20.77 19.53 
O-fmishb 19.71 21.29 19.86 18.04 21.75 20.27 
Daily gain, lb C 2.61 2.62 2.31 1.91 2.89 2.38 
Peed/gained 7.58 8.20 8.62 9.71 7.63 8.47 
Abscessed livers 3 1 3 4 1 2 
Pat thickness, in .40 .39 .37 .33 .44 .34 
Ribeye area, sq in b 11.9 12.9 13.0 10.9 12.6 12.2 
Quality gradebC 18.0 18.4 16.8 17.8 18.9 17.7 
Yield grade 2.4 2.3 2.0 2.5 2.8 2.3 
Adjusted performancef 
Number 7 9 7 4 9 8 
Daily intake, lb 
0·28 20.22 20.22 19.21 19.82 21.08 20.33 
O-fmishb 20.04 21.85 20.25 20.36 22.12 20.67 
Daily gain, lbg 2.72 2.76 2.60 2.57 2.89 2.38 
Peed/gaine 7.37 7.89 7.83 7.84 7.66 8.72 
"DRC = 100% concentrate, DRC/ALP = dry rolled com wn.5% alfalfa, DRC/DRW = 39.75% dry rolled 
com:39.75% dry rolled wheat wn.5% alfalfa. 
bDiet effect (p<.02). 
CDiet * MCI811 interaction (p<.02). 
dpeed/gain was analyzed as gain/feed. Peed/gain is the reciprocal of gain/feed. 
c18 = high select, 19 = low choice. 
fData excludes cattle with abscessed livers or canle that consumed less than 5.0 lb of feed for at least three 
days. 
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Figure 2. Control (--).Rumensin!fylan(---),Iow 5xlO'CFU( •• ··),medium 5xlO'CFU 
(--), and high 5 x 10·' CFU (----). 
S.9 and 7.5% more feed and gained 6.S 
and 13.7% faster than cattle fed DRC or 
DRC/DRW, respectively. 
The metabolism data suggest that the 
medium level ofMCISl1 did have some 
effect on the severity of the acidosis 
challenge, possibly by altering ruminal 
fermentation and consequently increas-
ing ruminal pH. In the finishing trial, 
cattle may have been stressed too much, 
and pushed too close to acute acidosis, 
thus, masking any potential benefits of 
MCISII in reducing the severity of sub-
acute acidosis. However, any benefits in 
controlling acidosis were not translated 
into animal performance in these stud-
ies. 
lRoger Huffman, technician. Terry Klop-
fenstein, Robert Britton, Professors; Rick Stock, 
Associate Professor, Animal Science, Lincoln. 
Larry Roth, Micro Chemical, Inc., Amarillo, TX 
Grain Tempering Agent (SarTempB»)l for 
Corn in Finishing Rations 
Ivan Rush 
Burt Weichenthal 
Brad Van PeitZ 
Summary 
Afinishing trial evaluated effects of 
adding a grain tempering agent 
(SarTemp®) along with water to dry corn 
before rolling. Yearling steers fed the 
corn treated with SarTemp® had higher 
daily gain and improvedfeed efficiency 
compared to steersJed dry rolled corn or 
corn treated with a wetting agent and 
water only. The SarTemp® and water 
improved the utilization of the corn as 
intakes were not markedly affected by 
treatment. Carcass characteristics were 
not significantly affected. 
Introduction 
Considerable research has been con-
ducted over the years to evaluate meth-
ods of processing com in beef cattle 
rations. When dry cracked com is added 
to the ration, dust can be a problem, 
especially when a dry roughage such as 
ground hay and a dry supplement are 
used as the other ration components. 
Methods to reduce dust have included 
adding high moisture forages or liquid 
supplements, or using high moisture or 
steam flaked grains. Recently, research 
has shown that treating grain with a 
tempering agent has improved perfor-
mance of finishing cattle, plus feeders' 
experience suggests an improvement in 
ration quality by lowering dust level. 
SarTemp® is one grain tempering agent 
that is marketed in the High Plains area 
and includes both a wetting agent and 
yucca extract. 
The purpose of this study was to 
evaluate the addition of SarTemp® or a 
wetting agent with water to dry com 
before processing through a roller mill. 
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Procedure 
Eighty-four crossbred yearling steers 
that had previously grazed on the same 
summer pasture were randomly assigned 
to twelve pens. The pens were then 
randomly assigned to one of three ex-
perimental treatments of com for finish-
ing cattle. The com treatments were: 
1) dry rolled com, 
2) com treated with a wetting agent 
and water before rolling, and 
3) com treated with SarTemp® and 
water before rolling. 
The com was mixed with the treat-
ment products and water in a feeder-
mixer box for approximately 15 minutes 
and then processed through the roller 
mill which was set for a coarse crack. 
Enough water was added to bring the 
moisture level of the com upto IS%. The 
wetting agent and SarTemp® were added 
at the rate of 7.5 mlll00 lb of com at 
(Conlinued on nexl page) 
Table 1. Performance of r!Dishing cattle fed corn treated with a grain tempering agent (SarTemp®) 
or a wetting agent alone 
Control 
No. pens/trt 4 
No. steers/trt 26 
Initial weight, lb 857 
Fmal weight1lb 1344 
ADG1,lb 3.41a 






























Dressing percent 61.6 62.4 
Fat, in. .49 .52 
Marbling score2 549 522 
.7 
.43 
% Choice 71.43 64.29 
IFinal weight adjusted to standard 62.5% dressing percent for all canle. 
2Marbling score of 500 = smaUo. 
abMeans with different superscripts are statistically different at the P<.l 0 level. 
18.0% moisture. The products were 
added to the given quantity of water 
needed and then slowly added to the corn 
while mixing. Enough corn was treated 
to last for approximately one week. 
The trial was conducted during the 
early fall and through a mild winter. No 
problems were encountered with either 
heating or bridging when the processed 
18% moisture corn was stored in over-
head gravity bins. The corn was har-
vested approximately 3 weeks before 
the trial was initiated and the original 
moisture content was 15%. As a conse-
quence very little water was needed to 
bring the moisture up to 18%. 
The steers were weighed on two con-
secutive days at the initiation of the trial 
and once at the end of the trial. Final 
finishing live weight was determined by 
dividing the carcass weight by .625. This 
procedure attempted to minimize rumen 
fill differences by placing all steers on an 
equal dressing percentage basis. Two 
steers were removed from the test before 
slaughter (not treatment related) and 
carcass data on two steers were lost. At 
the beginning of the trial the steers were 
given routine vaccinations for common 
feedlot diseases, implanted with Syno-
vex -S and treated for external parasites. 
The final finishing rations (dry matter 
basis) for all treatments consisted of 
85% corn, 10% corn silage and 5% 
protein supplement (40%). Receiving 
and two step-up rations were utilized in 
adapting the cattle up to the final finish-
ing rations. 
The rations were calculated to have 
12% CP, 0.55% calcium, 0.75% potas-
sium and 0.30% phosphorus (dry matter 
basis). 
Results 
Cattle fed the rolled corn treated with 
SarTemp® and added water had higher 
gains (P<.1O) and were more efficient 
(p<.1O) than those fed the dry rolled corn 
(Table 1). 
The performance of steers fed the 
corn with only water added was interme-
diate in gain to steers fed the dry rolled 
and SarTemp® treated corn, indicating 
that adding water only may be of some 
benefit Intakes did not differ (p=.52) 
with the various corn processing meth-
ods. Otherdatahasshown thatSarTemp®, 
which contains a yucca extract, and water 
has improved starch utilization. 
Carcass characteristics were not great-
ly different Marbling scores and percent 
choice appeared to be slightly higher for 
the steers fed dry rolled corn. The reason 
for this is not clear. These data suggest 
that both ration quality of dry feeds as 
well as animal performance could be 
improved if the recommended levels of 
SarTemp® and water were added to whole 
corn before rolling. 
ISarTemp® is a product and a registered trade-
mark of SarTec Corporation, Anoka, Minnesota. 
2Ivan Rush and Burt Weichenthal Professors 
Animal Science, Panhandle Re;earch and 











A metabolism trial was conducted to 
determine the effect of supplemental 
protein source and finishing grain source 
on ruminal measurements. Estimates of 
escape nitrogen were 52.3, 93.3, 91.7, 
65.7,63.6, and23.2%for soybean meal, 
blood meal, feather meal, dry rolled 
corn, dry rolled grain sorghum and corn 
silage, respectively. In situ rates of corn 
andsorghum starch disappearance were 
faster when the diet was supplemented 
with a combination (blood meal,feather 
meal. and urea) of protein sources com-
pared to urea alone. The contents of the 
basal diet may be importantwhenevalu-
ating in situ rates of starch digestion. 
Introduction 
In general, as rate of starch fermenta-
tion of dry rolled grains increases, feed 
efficiency improves. Most techniques to 
evaluate rate of starch fermentation re-
quire grains processed to a similar par-
ticle size and fermentation occurs in an 
in vitro tube. The in situ technique may 
allow the evaluation of grains with dif-
ferent particle sizes and in the actual 
ruminal environment 
Grain protein constitutes the major 
portion of crude protein intake of feedlot 
cattle. Grain sources may also differ in 
the amount of protein that escapes rumi-
nal fermentation; therefore, response to 
supplemental protein in finishing diets 
may depend on grain source. 
The objective of this study was to 
determine the effect of grain and supple-
mental protein source on ruminal diges-
tion of nitrogen and starch in high grain 
diets, and their effects on liquid and 
digesta flow from the rumen. 
Procedure 
Animals and Diets 
Five crossbred steers (BW = 1,590 
Ib), fitted with a ruminal cannula, were 
used in a 5 x 5 Latin square design with 
a 2 x 2 + 1 factorial arrangement of 
treatments. Dietary treatments were grain 
source (dry rolled com [DRC] or dry 
rolled grain sorghum [DRGS)) and pro-
tein source (urea or urea, blood meal and 
feather meal [BM/FfH). Dry rolled 
com supplemented with soybean meal 
(SBM) was included as a positive con-
trol treatment. 
All diets except for DRC-SBM con-
tained(drymatterbasis)75% grain, 15% 
com silage, 5% molasses supplement, 
and5% dry supplement. TheDRC-SBM 
diet contained 70% DRC, 15% com 
silage,5%molasses,and 10% dry supple-
ment. All diets except for DRC-SBM, 
contained 1.2% urea. In addition, two 
diets contained an additional 1.6% of a 
60:40 combination (CPbasis) ofBM and 
FTH. Feed was offered as close to ad 
libitum levels as possible in 12 equal 
proportions of feed daily using auto-
matic feeders. 
Fermentation Profile 
Each metabolism period lasted 16 
days, with the final five days used for 
ruminal dosing, sampling, in situ incu-
bation, and ruminal evacuations. After 
10 days of diet adaptation, ruminal fluid 
was collected via the rumen cannula on 
day 11 at 0800, 1200, and 1600 hours. 
Immediately after collection, pH was 
recorded with a combination electrode, 
and remaining ruminal fluid sample was 
frozen for later analysis. Ruminal fluid 
was composi ted by animal wi thin period 
and analyzed for VFA. 
Cr-EDTA Dosing 
Cr-EDT A was used to measure liquid 
flow and was pulse-dosed ruminally at 
0800 on day 12. Ruminal fluid samples 
were collected at 4, 8, 12, 18, and 24 
hours after dosing and immediately fro-
zen until analyzed for Cr concentration. 
Labeled Grain, Corn Silage, andPro te in 
Supplements 
Dry rolled com, DRGS, BM, and 
SBM were labeled with Yb. Com silage 
and FTH were labeled with Er. Steers 
supplemented with BM/FfH were pulse 
dosed with 1.11b oflabeled BM and 1.1 
lb of labeled FTH and steers supple-
mented with SBM were pulse dosed with 
1.1lboflabeledSBMonday 12 at 0800. 
Ruminal digesta was sampled at 4, 8, 12, 
18,24,36, and 48 hours after dosing. On 
day 14at0800h,steerswerepulsedosed 
with 2.2 lb of either labeled DRC or 
DRGS depending on their dietary treat-
ment and .88 lb of com silage. Ruminal 
digesta was sampled at 4,8, 12, 18,24, 
36, and 48 hours after dosing. 
In situ digestion 
Dry rolled com (7 g), DRGS (7 g), 
com silage (5 g), BM (2 g), FTH (2 g), 
and SBM (2 g) were incubated in dupli-
cate dacron bags (52 J.U11 pore size). 
Incubated sample sizes were on an as-is 
basis, except for com silage which was 
90% dry. Bag size was 10 x 20 cm for 
grain and com silage and 5 x 10 cm for 
BM, FTH, and SBM. 
Feeds were incubated in the pro-
cessed form, not fmely ground, except 
for com silage which was freeze-dried 
and ground through a 2-mm screen. In-
cubation times were 4, 8, 12, 18, 24, 
and 48 hours. Incubated grain samples 
were ground through a I-mm screen and 
analyzed for starch and Kjeldahl N. In-
cubated com silage and protein sources 
were analyzed for Kjeldahl N. Rate of 
starch or N disappearance was deter-
mined as the slope of the line defined by 
regressing the natural log of percent 
starch or N remaining against time of 
incubation. Estimated escape N of each 
feedstuff was calculated using the equa-
tion: escape N = rate ofpassage/(rate of 
- 65 -
Table 1. Effects of protein source on rate of 
starch disappearance of grains inru· 
bated in situ 
Rate of starch 
disappearance, %!houra 
Dietary protein sourceb DRe DRGS 
Urea 3.3 4.7 
Urea/BM/FTH 3.8 5.5 
aDRGS vs DRe (p<.OI). Standard error of the 
mean = .1. Dietary protein source effect (p<.05). 
bDRe = dry rolled com; DRGS = dry rolled grain; 
BM = blood meal; FI1I = feather meal. 
passage + rate of disappearance). 
Ruminal Evacuation 
Total ruminal contents were evacu-
ated at 0900 on day 16. Contents were 
weighed, subsampled and placed back 
into the rumen. On each subsample, dry 
matter and starch were determined. 
Results 
Daily matter (avg = 21.9 lb) and 
starch (avg = 12.9 lb) intake were not 
affected (1)>.2) by treatment. Ruminal 
fluid volume (avg = 40 liters) was not 
affected by treatment, however, ruminal 
dry matter fill (19.3 vs 17.9; P=.12) and 
ruminal starch fill (4.7 vs 3.2; P<.lO) 
were greater for steers fed DRC than 
DRGS. 
The increased dry matter and starch 
fill in steers fed DRC (coarsely rolled) 
likely reflected the faster (p<.0 1) rate of 
ruminal starch digestion (Table 1) of 
DRGS (finely rolled) as determined in 
situ. 
The sorghum used in this study was a 
cream hybrid selected for high in vitro 
starch disappearance. Nebraska poultry 
nutritionresearchers fed this same cream 
variety to broilers and found daily gain 
and feed efficiency were equal to com. 
Particle size differences between DRGS 
(geometric mean diameter [GMD] = 1.0 
mm) and DRC (GMD = 3.1 mm) fed in 
this study may have also impacted rumi-
nal starch fill and in situ starch disap-
pearance. 
If the DRC and DRGS fed in the 
metabolism trial were equal in energy 
value when ground to a similar particle 
size as suggested by the broiler data, it is 
possible that starch from this hybrid of 
(Continued on next page) 
Table 2. Calculated escape protein of feeds using passage and digestion rate coefficients 
RateofN Rate of Estimated 
disappearance, passage, escape N, 
N source %!hour %!hour % of total N
a 
Dry rolled com 2.05 3.92 65.7 
Dry rolled grain sorghum b 
Urea 1.96 4.17 68.0 
Urea/BM/FTHc 2.70 3.92 59.2 
Com silage 14.59 4.41 23.2 
Blood meal .34 4.74 93.3 
Feather meal .47 5.19 91.7 
Soybean meal 5.72 6.27 52.3 
"% escape N = rate of passage!(rate of passage + rate of disappearance). 
bUrea vs Urea/BM/FTH:rate of N disappearance, (p<.05). 
cBM = blood meal; FTII = feather meal. 
DRGS was more extensively degraded 
in the rumen than starch from DRC due 
to differences in particle size. Ruminal 
pH (avg= 5.7) andruminal passage rates 
ofliquid (avg = 6.4%/hour), Yb-Iabeled 
grain (avg =4.0%/hour), andEr-labeled 
corn silage (avg = 4.4%/hour) were not 
affected (p>.20) by grain or protein 
source. 
In situ rate of starch disappearance 
was faster (P<.05) for com and sorghum 
when the diet was supplemented with 
BM/FfH and urea compared to supple-
menting with only urea (Table 1). The 
explanation for this increased rate of 
disappearance is not apparent, but indi-
cates that selection of the proper basal 
grain and protein source may be impor-
tant. 
Dietary grain source did not affect in 
situ N disappearance or interact with 
dietary protein source, therefore data 
(fable 2) were pooled across grain source. 
Estimated percent of N escaping rumi-
nal degradation, determined by combin-
ing passage and digestion rates, was 
93.3, 91.7, 65.7, 52.3, and 23.2% for 
BM, FTH, DRC, SBM, and com silage, 
respectively. Because rate of N disap-
pearanceofDRGS was increased (p<.05) 
when the diet contained BM/FfH, esti-
mated ruminal escape N of DRGS was 
68.0 and 59.2% when the diet was supple-
mented with urea and BM/FfH' respec-
tively. 
Protein escape values of BM, FTH, 
DRC, and DRGS are well within the 
range of most published values. The 
escape value of SBM protein is higher 
than most values determined with for-
age-based diets, but similar to values 
determined with grain diets. High grain 
fmishing diets may increase the escape 
protein content of more highly degrad-
able sources of protein like SBM without 
affecting the value of high escape sources 
like BM and FTH. 
lMike Sindt, research technician. Rick Stock, 
AssociateProfessor, Terry Klopfenstein,Professor, 
Animal Science, Lincoln 
Glucose Absorption in the Small Intestine in Steers 
Clint Krehbiel 
Robert Britton l 
Summary 
To measure glucose absorption in the 
small intestine in steers. glucose was 
supplied continuously through a duode-
nal or mid-jejunal catheter at 0.9. or 18 
glhour with simultaneous arterial. por-
tal and hepatic blood samples taken at 
20-minute intervals for four hours. 
Five ileal fluid samples were col-
lectedfrom hours five to nine of glucose 
infusion. Glucose concentration in ileal 
fluid was greater when glucose was in-
fused into the mid-jejunum and increased 
as glucose infusion in both duodenum 
and mid-jejunum increasedfromO to 18 
glh. Portal minus arterial concentration 
differences and net portal absorption of 
glucose was higher when glucose was 
infused duodenally. 
Results from this experiment show 
that more glucose is absorbed when 
glucose is infused in thefront-halfversus 
the hind-half of the small intestine. 
Introduction 
As ruminal starch escape increases, 
fecal starch excretion increases, indicat-
ing that small intestinal starch digestion 
is limited. One factor which may limit 
small intestinal starch digestion by ru-
minants is a limited capacity for glucose 
absorption from the distal half of the 
small intestine. Only 26 to 43% of 
abomasally-infused starch can be found 
in portal blood as glucose. However, 
when glucose is infused abomasally, 65 
to 94 % of the glucose can be accounted 
for in portal blood. This may indicate 
that starch hydrolysis in the small intes-
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tine is occurring at a site which is not 
optimal for glucose absorption. 
The objective of this experiment was 
to quantify if glucose absorption was 
different in different parts of the small 
intestine in steers. 
Procedure 
Six crossbred steers averaging 575 ± 
39lb at the beginning of the experiment 
were surgically fitted with permanent 
catheters implanted into a hepatic vein 
exiting the liver, the hepatic portal vein 
entering the liver, two mesenteric veins 
and a mesenteric artery. In addition, 
infusion catheters were implanted into 
the duodenum and mid-jejunum and an 
ileal cannula was placed anterior to the 
ileo-cecal junction. 
Steers were allowed a one-month re-
covery period during which time they 
Table 1. Influence of Increasing duodenal or mid-jejunal glucose infusion on ileal Dow and Ileal 
glucose concentrations 
Duodenum 
Item 0 9 
pH" 7.83 7.88 
-DM%" 7.65 7.40 
DM flow, g/hour 129 81 
Fluid flow, g/hour" 1,504 1,097 
Digesta flow, g/hour 1,645 1,185 
Ileal glucose, mMbcd 0.28 0.89 
Glucose flow, g/hourbcd 0.08 0.19 
aSite effect (p<.1O). 
bSite effect (p<.01). 
CTreatment effect (p<.01). 
dSite * treatment effect (p<.05). 
were adapted to a diet consisting of 
chopped alfalfa hay. The diet was fed in 
12 equal portions daily at 1.5 % of body 
weight (DMbasis) by an automatic feed-
ing system to equalize intakes across 
treatments and assure a rapid intake of 
feed offered. This diet was chosen to 
minimize the amount of starch flowing 
to the small intestine from the diet. All 
steers had access to fresh water and a 
trace mineralized salt block. 
Steers were used in a replicated 3 x 3 
Latin square design experiment. Glu-
cose was continuously infused into the 
duodenum or mid-jejunum atO, 9, or 18 
g/hour for nine hours of the sampling 
period. The infusion solutions also con-
tained a 5% Cr:EDTA (vol/vol) as an 
external marker. 
Mid-jejunum 
18 0 9 18 SE 
7.74 7.78 7.79 6.64 0.05 
8.81 6.71 6.76 6.32 0.87 
122 90 98 119 15 
1,381 1,418 1,528 1,952 200 
1,515 1,514 1,633 2,078 208 
9.54 0.43 11.74 31.96 3.40 
1.95 0.90 4.08 9.57 1.29 
rate by ileal fluid Cr concentration. 
Results 
Dry matter content and pH of ileal 
fluid tended to be lower (p<.10) when 
glucose was infused into the mid-jeju-
num versus the duodenum (Table 1). 
Dry matter and digesta flow past the 
ileum were not affected by site or amount 
of glucose infused whereas ileal fluid 
flow tended to be greater (p<.IO) when 
glucose was infused into the mid-jeju-
num (Table 1). Concentration of glucose 
in ileal fluid and ileal glucose flow were 
greater (p<.01) when glucose was in-
fused into the mid-jejunum and increased 
(p<.0 1) as glucose infusion in both duo-
denum and mid-jejunum increased from 
o to 18 g/hour. 
The effect of duodenal or mid-jejunal 
glucose infusion on arterial concentra-
tions and net portal and hepatic glucose 
flux is reported in Table 2. Positive 
numbers in this table mean that infused 
glucose appeared in portal blood (ab-
sorption by the GIT or positive portal 
flux) or the liver released glucose into 
blood. On the other hand, a negative 
number implies that an uptake or utiliza-
tion by GIT or liver has occurred. Portal 
minus arterial concentration differences 
and net portal absorption of glucose 
increased (p<.05) as glucose infusion in 
both duodenum and mid-jejunum in-
creased from 0 to 18 g/hour. 
When glucose was infused duode-
nally, net portal absorption of glucose 
was greater (p<.05) accounting for 100% 
of the glucose infused. However, when 
glucose was infused mid-jejunally, net 
portal absorption of glucose could ac-
count for only 22% of the glucose in-
fused. About53% of the infused glucose 
was recovered in ileal contents, leaving 
25% unaccounted forin this study. There-
fore, if starch is hydrolyzed somewhere 
around the mid-point of the small intes-
tine, the capacity to absorb glucose may 
be limited resulting in less efficient uti-
lization of starch. 
Starch flowing past the ileum is fer-
mented to volatile fatty acids by bacteria 
in the cecum and colon, resulting in an 
energy loss to the animal. 
In conclusion, our results show that 
glucose is more readily absorbed across 
the front-half versus the hind-half of the 
small intestine. If starch is hydrolyzed 
closer to the mid-point of the small 
intestine, it appears that glucose absorp-
tion could be limiting starch utilization 
in ruminants. 
'Clint Krehbiel, technician. Robert Brinon, 
Professor, Animal Science, Lincoln. 
Simultaneous arterial, portal, and 
hepatic blood samples were taken 12 
times at 20 minute intervals from five to 
nine hours of infusion. Portal and he-
patic blood flow was determined by a 
primed continuous infusion of para-
aminohippuric acid (p AH) into a small 
mesenteric vein. Net portal and hepatic 
flux of glucose was calculated as venous 
minus arterial concentration difference 
times portal or hepatic blood flow, re-
spectively. 
Table 2. Influence ofincreaslng duodenal or mid-jejunal glucose infusion on arterial glucose and net 
glucose absorption 
Portal and hepatic flux measures the 
quantities of nutrients that are trans-
ferred across the gastrointestinal tract 
(GIT) and liver, respectively, and are 
thus available for body maintenance and 
growth. From five to nine hours of infu-
sion, five ileal digesta samples were 
collected (100 to 200 g/sample), pH 
recorded and samples frozen (-20·C). 
Ileal flow was determined by dividing 
the duodenal or mid-jejunal Cr infusion 
Item 
Arterial glucose, mM 
Portal-arterial, mMab 
Net portal glucose 
absorption cd, glh 
Net hepatic glucose flux, 
g/h 
Total splanchnic glucose cd 
flux, g/h 
aSite effect (p=.06). 
bTreatment effect (p<.01). 
cSite effect (p<.05). 










18 0 9 18 SE 
4.29 4.27 4.23 3.83 0.22 
.20 -0.07 -0.05 0.00 0.07 
19.72 -5.54 -2.32 -1.64 4.69 
19.04 18.79 22.23 17.86 3.74 
38.76 13.25 19.91 16.22 4.87 
Electromagnetic Scanning to Predict Beef Carcass 






Carcasses from 100 steers and heif-
ers, representing a broad range in exter-
nal fat thickness and live weight, were 
fabricated into a hindquarter and a 
streamlinedforequarter and electromag-
neticallyevaluated using anMQ-25 scan-
ning machine. 
The streamlinedforequarterand hind-
quarter were separated into the primal 
cutsofchuck,rib,roundandloin, scanned 
and then physically separated into lean, 
fat and bone. Electromagnetic scanning 
of either the hindquarter or forequarter 
accountedfor 78 to 91 % of the variation 
in lean content (lb) of beef sides and 
quarters and 70 to 86% for primals. The 
primal chuck and round scans accounted 
for 87 to 93% of the variation in lean 
content, respectively. The primal riband 
loin scans accountedfor85 to 86% of the 
variation in lean content, respectively. 
When cut weight was removedfrom 
the model that predicts lean content, the 
coefficients of determination only de-
creased2 to 5%. Predicting percentage, 
rather than lb of lean, in the side, quarter 
or primal cut resulted in lower coeffi-
cients of determination than when total 
lb of lean were predicted. Electromag-
ne tic scanning appears to be an accurate 
and effective technology for predicting 
lean content of beef carcasses and pri-
mal cuts. 
Introduction 
Electromagnetic scanning (EMS) is 
objective, fast, reliable, non-destructive 
and safe and thus has the potential to aid 
in a value-based marketing system. This 
technology is based on the different 
abilities oflean and fat to conduct a low-
Table 1. Mean carcass characteristics. 
Variable Mean 
Live wt(lb) 1192 
Fat(in) 0.43 
Yield grade 3.05 
level (2.5 Mhz) electromagnetic cur-
rent. The lean portion of the carcass or 
cut will absorb energy 20 times greater 
than fat or bone in the presence of an 
electromagnetic field. Recent studies 
show that EMS can predict 85 to 90% of 
the variation in lean content of pork 
carcasses and beef primals. 
The objective of this study was to 
determine if scanning beef quarters and 
primals can be used to predict carcass, 
quarter and primal lean content 
Procedure 
Beef cattle (40 heifers and 60 steers) 
representing a broad range in external fat 
thickness and live weight (Figure 1) 
were slaughtered at Purdue University 
(Table 1). Chilled right sides were di-
vided into stream1inedforequarters (FQS; 
foreshank, brisket and ventral portion of 
SO Minimum Maximum 
153 912 1634 
0.22 0.04 1.13 
0.79 1.00 5.07 
the plate removed because of size limi-
tation of the scanner) and hindquarters 
(HQ) and scanned. 
All cuts were shipped to the Univer-
sity of Nebraska-Lincoln where they 
were physically separated into lean, fat 
and bone. The lean portion from each 
primal was ground, subsampledand ana-
lyzed for moisture and fat content. All 
models used to predict lean content of 
the side, quarter or primal cut were four 
variable models that included the peak 
of the EMS response curve, length, tem-
perature and weight of the scanned cut. 
Results 
Results are discussed as coefficients 
of determination which describe the 
amount of variation in pounds or per-
centage lean explained by a given equa-
tion (0 = no relationship, 100 = perfect 
Live Weight (lbs) 
• steers ... heifers 
Figure 1. Live weight and fat thickness for steers and heifers. 
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Table 2. Coefficients of determination for lean content of beef sides, quarters and primals determined 
by scanning quarters. 
Predicted Hindquarter (HQ) scan Forequarter (PQ) scan 
Variable Lean (lb) Lean (%) Lean (lb) Lean (%) 
CDa RSDb CD RSD
c 
CD RSD CD RSD 
Side 88.5 8.7 66.0 2.4 86.3 9.2 61.9 2.6 
Sided 89.5 7.2 67.4 2.4 87.0 7.8 66.6 2.5 
HQ 91.0 4.2 71.0 2.4 82.2 5.8 58.0 3.0 
Round 86.7 3.0 41.8 2.6 78.0 3.8 30.5 2.9 
Loin 82.3 2.1 56.9 3.2 73.3 2.5 46.8 3.6 
FQ 78.7 5.6 29.7 6.2 83.7 4.7 73.5 3.3 
FQ" 77.7 4.0 61.2 2.7 84.3 3.2 68.9 2.5 
Rib 69.6 1.3 56.0 3.2 69.3 1.3 51.3 3.5 
Chuck 70.0 3.6 58.2 3.2 77.5 3.0 68.1 2.8 
"Coefficient of determination. 
~esidual standard deviation (Ib). 
cResidual standard deviation (%). 
dSide and forequarter lean without the foreshank, ventral portion of the plate and brisket. 
Table 3. Coefficients of determination for lean contentofbeef sides, quarters and primals determined 
by scanning the primal round and chuck. 
Predicted Round scan Chuck scan 
Variable Lean (Ib) Lean (%) Lean (Ib) Lean (%) 
CD" RSD
5 CD RSDc CD RSD CD RSD 
Side 90.5 7.9 44.8 3.1 86.8 9.4 58.5 2.7 
Sided 89.6 7.2 45.6 3.2 88.4 7.6 60.8 2.7 
HQ 90.6 4.3 48.8 3.3 82.6 5.9 55.7 3.0 
Round 93.9 2.0 49.7 2.4 78.8 3.8 32.4 2.8 
Loin 72.0 2.7 35.9 3.9 75.8 2.5 40.6 3.8 
FQ 83.7 4.9 15.5 6.8 85.5 4.6 40.4 5.8 
FQ" 79.0 3.9 42.9 3.3 89.5 2.7 76.1 2.1 
Rib 73.0 1.2 35.6 3.9 67.7 1.3 46.4 3.6 
Chuck 70.4 3.6 45.4 3.7 87.6 2.3 77.1 2.4 
"Coefficient of determination. 
bResidual standard deviation (Ib). 
cResidual standard deviation (%). 
dSide and forequarter lean without the foreshank, ventral portion of the plate and brisket. 
Table 4. Coefficients of determination for lean content of beef sides, quarters and primals determined 
by scanning the primal loin and rib. 
Predicted Loin scan Rib scan 
Variable Lean Qb~ Lean ~%~ Lean Qb~ Lean ~%~ 
CDa RSDb CD RSDc CD RSD CD RSD 
Side 76.0 12.7 60.9 2.6 71.6 13.8 49.1 3.0 
Sided 78.0 10.4 61.6 2.7 71.7 11.9 50.6 3.0 
HQ 79.1 6.5 62.0 2.8 70.4 7.8 47.6 3.3 
Round 66.7 4.8 44.4 2.5 64.8 5.0 28.6 2.9 
Loin 86.9 1.8 55.3 3.3 62.4 3.2 39.1 3.8 
FQ 66.6 7.0 31.0 6.1 67.7 6.9 16.8 6.8 
FQ" 68.3 4.8 54.3 3.0 66.4 5.0 55.7 2.9 
Rib 55.4 1.6 53.1 3.3 85.3 0.9 51.1 3.4 
Chuck 64.0 4.0 50.3 3.5 53.4 4.5 50.7 3.4 
aCoefficient of determination. 
~esidual standard deviation (Ib). 
~R~sidual standard deviation (%). 
Side and forequarter lean without the foreshank, ventral portion of the plate and brisket. 
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relationship). Electromagnetic scanning 
of either the HQ or FQS accounted for 78 
to 91 % of the variation in lean content 
(lb) of beef sides and quarters and 70 to 
86% for primals (Table 2). 
Predicting percentage, rather than lb 
oflean, in the side, quarter or primal cut 
resulted in lower coefficients of deter-
mination than when totallb of lean were 
predicted. This was expected since EMS 
does not measure fat content; fat, how-
ever plays an important role when calcu-
lating the percentage lean in a beef cut. 
The primal round,loin, rib and chuck 
scans accounted for 85 to 93% of the 
variation in their lean content (Table 3 
and 4). The primal round scan could also 
beusedtopredictside,HQandFQS lean 
content by accounting for 90, 90 and 
80% of the variation in lean content, 
respectively. The primal chuck scan ac-
counted for 86, 82 and 89% of the varia-
tion in lean content for the side, HQ and 
FQS. 
When cut weight was removed from 
the model (data not included) used to 
predict lean content, the coefficients of 
determination only decreased 2 to 5%, 
except for the primal rib, where weight 
was an important factor. This is due to 
the small mass of the rib as compared to 
the other primal cuts. This indicates that 
cut weight has little effect on predicting 
lean content when using EMS technol-
ogy. Lean content of HQ primals was 
best predicted from HQ scans. Simi-
larly, FQS primal lean content was best 
predicted from the FQS scans. 
Determining lean content of beef car-
casses by EMS would help relay accu-
rate and objective information from the 
packer to the producer. With this informa-
tion, producers can make sound changes 
in their genetic base and produce a leaner, 
more profitable animal for the consumer. 
This is the first step to implement a 
value-based marketing system for the 
beef cattle industry. These data show 
that EMS of quarters is a practical method 
for determination of lean content in beef 
sides, quarters and primals. 
IBucky Gwartney, graduate student. Rong-
Shinn Lin, graduate student, Purdue University, 
w. Lafayette, IN. Chris Calkins, Associate 
Professor, Animal Science, Lincoln. John Forrest, 
Professor, Animal Science, W. Lafayette, IN. 






Much of the variation in beeftender-
ness can be accountedfor by the activity 
of the calpain enzymes in post-mortem 
muscle. Existing methods to determine 
calpain activity in muscle require large 
amounts of tissue. A sensitive micro-
assay to measure calpain activity in 
small tissue samples has been devel-
oped. This assay determines proteolytic 
activity on a casein substrate labeled 
with afluorescent molecule,fluorescein 
isothiocyanate. 
The fluorescence of the labeled ca-
sein peptides resulting from incubation 
with the calpain enzymes reflects the 
proteolytic activity of the calpains. The 
assay is substantially more sensitive than 
existing calpain assay techniques. This 
assay will be valuable in evaluating 
calpain activity in small tissue samples, 
in evaluating the effects of ante-mortem 
treatments on calpain activity, and may 
also be used to identify breeding stock 
that have a greater propensity for post-
mortem tenderization. 
Introduction 
The improvement of tenderness 
observed during the cooler aging of meat 
is clearly the result of protein degrada-
tion by naturally occurring muscle pro-
teases. It has been shown that the cal-
cium dependent neutral proteases - the 
calpains - can be activated early post-
mortem to have a beneficial effect on 
meat tenderness. 
Two forms of calpain are present in 
beef muscle. One form requires milli-
molar concentrations of calcium (~­
calpain) and another requires only mi-
cromolar concentrations of calcium 
(m-calpain) for activation. Two-thirds 
of the variability in meat tenderness is 
due to post-mortem degradationofmyo-
fibrillar proteins by ~-calpain. The ac-
tivities of the naturally occurring calpain 
inhibitor, calpastatin, and ~-calpain are 
valuable predictors of beef tenderness. 
Research is needed to modify the 
activity of these enzymes within muscle 
so lean, tender beef can be produced 
consistently. Current procedures for as-
saying calpain activity require large tis-
sue samples (up to 100 g). This sample 
size requirement restricts the evaluation 
of calpain activity until after slaughter. 
The development of new techniques 
to assay calpain activity will enhance the 
rate at which progress on the issue oflean 
beef tenderness can be accomplished. 
The intent of this project was to develop 
an assay for calpains that requires only a 
small amount of muscle tissue. 
Procedure 
Calpain activity is determined by mea-
suring the amount of casein fragments 
that result from an incubation of the 
enzyme with a casein substrate. Calcium 
is used in the casein buffer to activate the 
calpain enzymes. Casein is used in pro-
teolytic enzyme assays because it is a 
good protein substrate for many pro-
teases. Furthermore, casein fragments 
resulting from proteolytic degradation 
are easily separated from undegraded 
casein molecules with the addition of 
trichloroacetic acid (TCA). Undegraded 
casein molecules are precipitated, while 
casein fragments remain in solution upon 
the addition of TCA. 
Current procedures determine the con-
centration of peptide fragments by mea-
suring the absorbance of the TCA solu-
tion. High absorbance readings reflect 
high concentration of casein fragments 
which indicate high enzyme activity. 
This procedure has proven effective for 
calpain activity assays but, when activ-
ity is low, it may not be sufficiently 
sensitive to detect enzyme activity. This 
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Figure 1. Absorbance and fluorescence of samples from a time course assay of beef muscle m· 
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Figure 2. Fluorescence and absorbance results from an assay including a range of sam pie activities 
(fluorescence r = .997; absorbance r = .987). 
(<10 g) are utilized. 
Fluorescein isothiocyanate (FITC) is 
a fluorescent label for casein substrates 
used in micro-assays for many proteo-
lytic enzymes including trypsin, chy-
motrypsin and elastase. The fluorescent 
nature of FITC makes it possible to 
detect casein peptides resulting from 
proteolytic degradation utilizing spec-
trofluorometric methods. 
Preparation of a FITC-casein sub-
strate required labeling of casein with 
FITC and removal of free FITC with a 
five-day dialysis schedule. Theresulting 
substrate buffer contained 1 g casein/ 
100 ml buffer and 25 J1& FITC/mg casein. 
Calpain assay substrate was prepared by 
diluting prepared FITC-casein buffer 
with an equal volume of 10 mM CaClz 
pH 7.5. All assays included blanks where 
20 mM EDT A was substituted for the 
CaC~.EDT Achelates calcium and there-
fore the calpain enzymes are not acti-
vated in the assay blanks. 
Fractions from ion-exchange chro-
matography containing calpain activity 
were pooled for the evaluation of the 
fluorescent assay. Activity of pooled m-
calpain samples was flrst determined by 
measuring the absorbance of TCA 
soluble pep tides at 278 nm. Pooled 
samples were then incubated with FITC-
casein buffer at 77° F. The reaction was 
arrested with TCA following the incuba-
tion period. TCA-insoluble protein was 
sedimented by centrifugation. 
A 500 Jll aliquot of acid supernatant 
was diluted to 3.0 mlwithapH 8.5 buffer 
to allow maximum fluorescent yield of 
the FITC-labeled peptides. Fluorescence 
was determined using anexcitation wave-
length of 490 nm and an emission wave-
length of 513 nm. Wavelengths were 
determined by identifying the maximum 
fluorescent yield ofFITC standard,FITC-
casein and assay supernatant at pH 8.5. 
The maximum fluorescence yield was 
chosen to result in the greatest sensitiv-
ity. Fluorescence of blanks (EDT A sub-
strate) was subtracted from the fluores-
cence reading of the assay (CaClz) 
supernatant 
To evaluate the reliability of this 
assay, caseinolytic activity of beef 
muscle m-calpain was determined by 
measuring the absorbance of TCA-
soluble peptides in solution and compar-
ing to fluorescent results in a 110 minute 
time course study. In a separate experi-
ment, the pooled calpain samples were 
diluted to contain increasing levels of 
activity from .018 to .20 units of activity 
per 300 Jll aliquot used in the assay. This 
experiment employed a60-minute incu-
bation time for all samples. Both experi-
ments used duplicate samples and were 
replicated three times. 
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Results 
In the frrst experiment, absorbance 
and fluorescence values were highly 
correlated (r=.985) indicating that the 
fluorescence assay was a reliable substi-
tute for the existing assay (Figure 1). 
These data also suggest that the amount 
of substrate used in the assay was not 
limiting as the fluorescence values con-
tinued to increase with time. 
The second experiment revealed that 
both absorbance (r = .987) and fluores-
cence (r = .997) values were highly 
correlated with the known activity of the 
pooled enzyme fractions added in the 
assay (Figure 2). Absorbance of TCA-
soluble peptides, however, did not re-
veal increased proteolytic activity until 
0.07 units of activity of pooled sample 
was added to the assay substrate (Figure 
2). This result shows that the fluoromet-
ric assay is substantially more sensitive 
and better suited to determine calpain 
activity in isolates from small tissue 
samples. Therefore, this fluorometric 
assay is a reliable determination of 
calpain activity and is more sensitive 
than the measurement of absorbance of 
TCA -soluble peptides in the detection of 
calpain activity. 
Conclusion 
In conclusion, a simple calpain mi-
cro-assay that is substantially more sen-
sitive than existing procedures has been 
developed. This fluorescent assay may 
have potential for immediate use in re-
searching the mechanisms of enzyme 
regulation as well as future applications 
in the beef production industry. This 
assay may be valuable in evaluating 
calpain activity in tissue samples from 
small experimental animals, or any time 
sample size may be limiting. Further-
more,thiscalpainmicro-assaymayeven-
tually be used to identify breeding stock 
that have a great propensity for post-
mortem tenderization. 
The technique has the capacity to 
enhance our understanding of post-
mortem muscle protein proteolysis and 
subsequent tenderization. 
IChris Calkins, Associate Professor, Animal 
Science. Lincoln. Steven Lonergan, graduate 
student. Mark Johnson. former graduate student. 
Microstructure of Frankfurters With Modified 




Scanning electron microscopy was 
used to describe the microstructure of 
franlifurters made with various levels of 
fat and modified beef connective tissue. 
High levels of connective tissue resulted 
in a dense protein matrix. Two layers of 
protein were noted in many of the high 
connective tissue formulations, possibly 
due to gelatin layers formed among the 
myofibrillar protein matrix. Fat glob-
ules tended to be smaller in size and 
more evenly distributed in lower fat 
formulations . There were no distinct signs 
of structural instability (ruptured fat 
globules,fat coalescence) in any of the 
micrographs. These scanning electron 
micro graphs revealed that modified con-
nective tissue did not disrupt the myofi-
brillar protein matrix, a concern about 
its use. 
Introduction 
Meat wi th large amounts of collagen, 
such as connective tissue, may be useful 
as a texture modifying agent in low-fat 
meat products. Connective tissue is pro-
duced as a byproduct of desinewing beef 
shanks to make high quality ground beef 
trim. Successfully incorporating con-
nective tissue into low-fat products could 
benefit the beef industry in two ways. 
First, the texture of low-fat products 
might be softer and more desirable. Sec-
ond, the value of connective tissue might 
be increased. 
The exact role collagen plays in a 
finely comminuted meat system has not 
been decisively characterized. Collagen 
( connective tissue) has historically been 
considered detrimental to meat products 
by decreasing the thermal stability (low 
processing yields) and quality (appear-
ance, palatability). However, beef con-
necti ve tissue that has been modified can 
be successfully incorporated into prod-
ucts such as restructured beef steaks 
(1990 Nebraska Beef Report, pp. 100-
103) and frankfurters (1992 Nebraska 
Beef Report, pp. 50-52). 
Scanning electron microscopy is an 
effective way to obtain high magnifica-
tion, high resolution images of ingredi-
ent interactions in a meat product. A 
scanning electron microscope (SEM) 
was used to characterize collagen, myo-
fibrillar protein and fat interactions in 
frankfurters manufactured with differ-
ent levels of fat and modified beef con-
nective tissue (MCT). The images ob-
tained help support and explain results 
from textural and thermal stability tests. 
Procedure 
Beef connective tissue was obtained 
from a commercial desinewing opera-
tion, modified and incorporated into 
frankfurters of three fat (8, 16 and 24 %) 
and five connective tissue levels (0, 10, 
20, 30 and 40%; 1992 Nebraska Beef 
Report, pp. 50-52). Samples from each 
treatment were selected at random for 
Figure 1. Scanning electron micrograph offrankfurter with 8 % fat and 
30% modified connective tissue. F=fat globule, P=protein 
matrix. Bar=10 )!Ill. 
Figure 2. Scanning electron micrograph of frankfurter with 16% fat 
and 20% modified connective tissue. P=protein matrix, 
G=possible gelatin. Bar=10 )!Ill. 
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Figure 3. Scanning electron micrograph of frankfurter with 24% fat 
and 0% modified connective tissue. F=fat globule, P=protein 
matrix. Bar=10 ,"un. 
Figure 4: Scanning electron micrograph of frankfurter with 16% fat 
and 0 % modified connective tissue. P=proteln matrix. Bar=10 
J.UD. 
SEM evaluation. Fresh frankfurters were 
broken, and a 2 x 2 x 1 mm piece taken 
from the broken surface with a rawr 
blade. Samples were fixed and dried to 
maintain structural integrity during SEM 
evaluation and mounted on 13 mm alu-
minum stubs. 
Mounted samples were sputter coated 
with 300 angstroms of gold to provide a 
conductive surface. A Cambridge S4-1O 
SEM (Cambridge Inc., Cambridge, En-
gland) was used to take micrographs of 
all treatments. All micrographs were 
taken at five different magnifications, 
approximately 130X, 260X, 650X, 
1300X and 26OOX. Of these 75 micro-
graphs (15 treatments x 5 magnifica-
tions), five were selected for presenta-
tion that were most representative of all 
of the treatments. 
Results 
Figure 1 is a micrograph of a frank-
furter with 30% added connective tissue 
and 8% fat. The protein matrix in this 
micrograph is very dense, as also noted 
in a 20% MCT, 16% fat formulation 
(Figure 2). The addition ofMCT to low-
fat frankfurters resulted in frankfurters 
with higher Kramer Shear peak force 
(1992 Nebraska Beef Report, pp. 50-
52). Connective tissue seems to be fill-
Figure 5. Scanning electron micrograph of frankfurter with 24% fat 
and 36% modified connective tissue.F=fatglobule, P=proteln 
matrix, G=posslble gelatin. Bar=10 J.UD. 
ing voids in the myofibrillar protein 
matrix, causing the increased shear val-
ues. 
These voids are present in micro-
graphs of frankfurters with no MCT. 
Figure 3 displays a 0% MCT, 24% fat 
frankfurter. The protein matrix in this 
picture is much rougher and less dense 
than what is present in the higher MCT 
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treatments (Figures 1 and 2). Figure 4 is 
a micrograph of a 16% fat, 0% MCT 
frankfurter. As noted in Figure 3, the 
protein matrix in this MCT control is 
very rough and coarse. The hardness of 
16% fat frankfurters increased with an 
increase in MCT (1992 Nebraska Beef 
Report, pp. 50-52). This micrograph 
(Continued on next page) 
shows voids which would account for 
lower hardness and Kramer S hear values 
of MCT controls. 
The micrograph in Figure 5 is a 30% 
MCT, 24% fat formulation. Two layers 
of protein exist in this particular micro-
graph. The upper, smoother layer could 
be gelatin. The final internal tempera-
ture of these products was 150"F, a tem-
perature sufficient to gelatinize at least a 
portion of the collagen present, suggest-
ing the other protein layer is gelatin. A 
greater amount of gelatin as a result of 
collagen denaturation might have re-
sulted in softer rather than harder tex-
tured products with higher amounts of 
MCT. 
Figure 5 also shows a fat globule of20 
J.1ffi in diameter. Fat globules in higher 
fat formulations tended to be larger in 
size. Previous work indicates that high 
fat, high connective tissue formulations 
are susceptible to instability. However, 
the fat globule in this picture andin other 
micrographs of high fat/high MCT for-
mulations does not show typical signs of 
instability such as large rupture holes or 
large, irregularly shaped globules. The 
fmal chop temperature for high MCT 
formulations was 46-50"F, which is lower 
than temperatures achieved in previous 
high collagen research. 
While there was a general decrease in 
stability of high fat/high MCT formula-
tions, stability increased at high fat lev-
els and levels ofMCT greater than 20%. 
The fat globules in Figure 1 are 3-10 J.Ull 
in diameter. This was typical of the fat 
globule size in the low fat (8%) treat-
ment, regardless of the connective tissue 
level. Even though the total surface area 
of these smaller fat globules would be 
greater than fewer, larger globules, there 
was still sufficient myofibrillar protein 
in the system to stabilize the fat. With the 
more dense nature of the protein matrix 
with MCT,it seems reasonable thatMCT 
is acting to physically stabilize the fat in 
these systems. In summary, collagen 
seemed to fIll voids in the myofibrillar 
protein matrix rather than disrupt the 
matrix as had been hypothesized. 
ISCOU Eilert, graduate student. Roger Man-
digo, Professor, Animal Science, Lincoln. 
Acknowledgements to the Beef Industry Council 
of the National Live Stock and Meat Board for 
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Low-fat (<10%) ground beef patties 
were manufactured with beef broth and 
water or added salt (equivalent to salt 
content of beef broth) and compared to 
a higher (16%) fat patty. Patties were 
evaluated on yield, sensory and textural 
characteristics. Cooking yield was not 
affected by treatment. Incorporation of 
beef broth improved juiciness, tender-
ness and acceptability scores as evalu-
ated by a consumer sensory panel. 
Objective determinations of texture 
indicated that patties made with beef 
broth required less work to shear and 
were not as hard, chewy or springy as 
other formulations. Low1at ground beef 
patties made with beef broth and water 
are more palatable and exhibit improved 
textural characteristics when compared 
to a higher fat control or low-fat added 
salt patties. 
Introduction 
The demand for low-fat foods has 
increased the need to develop palatable 
low-fat meat items. Formulating low-fat 
meat products with leaner trimmings 
has resulted in products with poor sen-
sory and textural characteristics and poor 
consumer acceptance. 
Many ingredients have been investi-
gated as potential palatability and tex-
ture-modifying agents. Spray dried beef 
broth (Broth) was investigated for its 
ability to improve the desirability of 
low-fat ground beef. Broth is an edible 
powder derived from proteins of trim-
mings processed during rendering in a 
beef packing plant. Salt is added to the 
system to help separate proteins from fat 
resulting in high protein (75%), high salt 
(16%) Broth, a composition offering 
potential advantages in terms of flavor 
and water binding ability. 
This study was designed to evaluate 
Broth as a palatability and texture modi-
fier in low-fat ground beef patties. 
Procedure 
Five ground beef batches were for-
mulated and manufactured from beef 
trimmings and made into l/4-lb patties. 
The formulations included: 
1) 16% fat control, 
2) low-fat (approximately 9% fat) 
patty with 2% Broth and 7% water, 
3) low-fat patty with 3% Broth and 
8% water, 
4) low-fat patty with .27% added salt 
(Lsalt) and 
5) low-fat patty with .40% added salt 
(Hsalt). 
Table 1. Effect of formulation on cooking yield and instron texture. 
Variable Control 
Cooking Yield (%) 72.cr:J 
AUC (cm2)e·· 42.25 







Springiness (mm) •• 26.06 
Cohesiveness •• 0.65 
aLsalt=.27% added salt formulation. 
bHsalt=.40% added salt formulation. 
c2% Broth=2% beef broth formulation. 
d3% Broth=3% beef broth formulation. 
e AUC=area under the curve. •• (p<.01) for the indicated variables. 
- 74 -
Lsalta Hsaltb 2% Brothc 3% Brothd 
71.66 74.28 69.62 70.37 
48.94 47.70 38.24 35.03 
159.19 142.81 114.75 105.88 
218.13 221.72 147.81 122.34 
4192.92 4283.90 2164.40 1655.47 
26.63 27.13 20.94 20.94 
0.72 0.71 0.70 0.64 
Table 2. EtTect of cookery equipjIlent on patty 
traits. 
Variable Grill Broiler 
Cooking Yield (%) 71.93 71.28 
Sensory Juiciness • 5.74 5.62 
• Sensory Tenderness 5.46 5.00 
Sensory Aavor 5.36 5.21 
Sensory Acceptability 5.40 5.20 
AUC (crn2)h 42.09 42.77 
Peak force (kg) 
•• 
127.53 131.38 
Hardness (kg) 187.00 170.50 
• Chewiness (kgmm) 3421.40 2932.66 
Springiness (mm) 24.53 24.15 
Cohesiveness 0.68 0.69 
"Sensory scale: l=extrernely undesirable, 8= 
gxtremely desirable. 
AUC=area under the curve . 
• (p<.05) and •• (p<.0 1) forthe indicated variables. 
The added salt formulations were 
included in the study to serve as salt 
controls for the Broth formulations. The 
salt content of the Lsalt formulation was 
equivalent to the salt content of the 2% 
Broth formulation and the saltcontent of 
the Hsalt formulation was equivalent to 
the salt content of the 3% Broth formu-
lation. All patties were cooked on a grill 
or broiler, using a time schedule, to 
sim ulate cookery methods typical of fast 
food restaurants that serve ground beef 
patties. 
Cooking yield was determined by 
weight loss from the raw to the cooked 
state. A consumer sensory panel evalu-
ated patties for juiciness, tenderness, 
flavor and overall acceptability using an 
8 point scale where I=extremely unde-
sirable and 8=extremely desirable. Ob-
jective texture analyses, including shear 
and compression tests, were performed 
using the Instron Universal Testing 
Machine. 
Results 
There were no significant differences 
in cooking yields between formulations 
(Table I) or cookery equipment used 
(Table 2) indicating the Broth accom-
plishes binding of the added water. 
Sensory panelists found that patties 
made with 3% Broth were juicier (p<.OI), 
more tender and more acceptable (p<.05) 
than control patties or patties made with 
either Lsalt or Hsalt (Figure I). Patties 
made with Broth or added salt did not 
differ in flavor from each other but all 
exceeded control patties for flavor desir-
ability (p<.05). This suggests that Broth 
did not contribute to flavor desirability 
beyond the effect of its salt content 
Patties made with 2% Broth did not 
differ from any other formulation in 
sensory tenderness or acceptability, but 
had less desirable juiciness than 3% 
Broth and more desirable juiciness than 
added salt or control patties. The ability 
of patties made with broth to bind added 
water and retain it during cooking im-
pacts favorably upon the sensory per-
ception of juiciness. Panelists found 
grilled patties to be more desirable in 
tenderness than broiled patties (p<.05) 
but grilled patties were not different 
from broiled patties in juiciness, flavor 
or acceptability (Table 2). 
Shear data indicated that patties made 
with Broth required less total force (had 
a smaller area under the curve) and a 
smaller maximum (peak) force to shear 
(p<.01) than patties made with added 
salt or control patties (Table I). Com-
pression data showed that control and 
added salt patties were harder, chewier 
and springier than patties made with 
Broth. Although 3% Broth and control 
patties were less cohesive than added 
salt patties, 2% Broth patties did not 
differ from added salt patties in cohe-
siveness. 
Patties cooked on the grill were harder 
Desirability" 
(p<.01) and chewier (p<.05) than broiled 
patties but other objective textural traits 
did not differ between the cookery equip-
ment used (Table 2). 
Handling problems with 3% Broth 
patties were noted during cooking as 
these patties stuck to cookery equipment 
surfaces. This adherence resulted in dam-
age to patty surface integrity when pat-
ties were turned. The 2% Broth patties 
performed similarly to 3% Broth and 
were similar to or better than control 
patties in almost all variables investi-
gated, but did not suffer from the han-
dling problems of 3% Broth patties. 
The incorporation of Broth and water 
into low-fatgroundbeefpatties improves 
the sensory desirability of patties. In 
addition, it improves textural character-
istics when compared to a higher fat 
patty or patties made with added salt. 
Broiling patties results in improved ob-
jective textural characteristics when com-
pared to grilling. This study suggests 
that spray dried beef broth, along with 
water, is a feasible ingredient for im-
proving the palatability and texture of 
low-fat ground beef. 
'Doreen Blackmer,former graduate student. 
Roger Mandigo, Professor, Animal Science, Lin-
coln. Chris Calkins, Associate Professor, Animal 
Science, Lincoln. This research was supported by 









Juiciness·· Tenderness· Flavor· Acceptability· 
• Control ~ .27% Added Salt D .400/0 Added Salt 
1Zj2% Beef Broth lim 3% Beef Broth "l=extremely W1desirable, 8=extremely desirable 
Figure 1. EtTect of formulation on sensory characteristics. 
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Build a career in Animal Science 
Nebraska's nationally recognized Animal Science Department has up-to-date facilities, caring profes-
sors, and a first-rate academic program on which students can build a strong foundation for a career. The 
department is housed in new, technologically advanced facilities that provide for hands-on experience 
related to applied and basic science, research, meats, business, and live'stock production. Students can 
prepare for leadership positions in science or in production agriculture as well as more non-traditional 
positions in the agri-business sector. 
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